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Ĉ A )
CO

•3

w
(--c*-

wS^TTl

cn
£

f l3 3 Zi w tl

5 " ?3

COO

>-ioz
•— *
o

3 a

S A M P L E T Y P E
% R E C O V E R Y
G R O U N D W A T E R

S t a n d t f d P e n e t r a t i o n T u t
N Q l o i c r t / F t

bP o c k M P c t i e t t o r t T c t e rC J f * V o n v / F t *I*

P e ' m e a b s i t y
X 1 1" c m / s w c

N a t u r a l D r y O e n t i t y
I b t / c u ( t

W a t e r C o n t e n t

L L * l i q u i d L u r i i t
P t - P l j i t i c L.m.i
St. • S l v i r > k * g r > I .mil

t i l t i t i i 0 0 ^ 3 4 1

°

EQI

m*-̂
0oc
t-t-i<
#

— t
X
w

It

3*IDT
O.Cu3
Ô>
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• î-rt»
4b

*«

^

n.^r^^oi.t.H 6 / 1 0 / 8 4 H . m m e , D'oo . . * l^
Df ( H F o r e m m . ._ ._ . G ' . . . , „... Saoon S.-mol*r OOB r o t h e r s Q L ^ „ N/AI n . i i w ^ t r t f , R n r r k T n r * D i a
f l n . i n , ] M # i h r v i . . H . P . t ^ r y ^ W a s h S h . , h V T , , h « o n 3

S O I L C L A S S I F I C A T I O N
S U R F A C E E L E V A T I O N - 173 . i

- C L A Y , s t i f f , brown
H

: S I L T Y S A N D , c o m p a c t , t a n
•

' '

H200 = 10. 4« !
-

Cont inued on S h e e t 3

St
rat

um
D*

0th

/ v
:

;
i

1
1«r<v.

DE
PT

H
SC

AL
E

^••ij

30 —
4H

• F •

— — — 1

35™
— ̂

40 ~

45 ~

5 0 — -

<rt
in

SA
MP

LE
'N

O

5

. . .

UJf l ,>
SA

MP
LE 

T

S S

% 
RE

CO
VE

RY
GR

OU
ND

 W
AT

ER

Su
nda

rd 
Pe

nct
rai

nn 
Tes

t
N, ai

ows/
f t

Z.

26

Un
cor

tfin
ed 

Co
fnp

fec
jiw

e
St

ren
gth

 ii
ll T

om/
Ft 

• 
*

P. 
ket 

Pr
iif

tro
me

ter
q/» 

T cm
s/F

t '

c*vi>• ;̂
.5 "«0)
E bn "c. x

>-
c<u ^D -
* ^C -

fl J
3
•i2 lyV

jti-
i C

odt
em

%

*•
*-* _̂ ;

i ^ l *•_, T2 j j<i 5 -
j - £ S

V

4k

Ô
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î

CAO
f ~
(~tI —
>tnM•nn>H
O2

S t r a t u m
D e p t h

D E P T H
S C A L E
S A M P L E
NO

& » ' • » * •
5 » = » *
? o ° o 5! H ig 3 sro a

x> T r—o o -*• ^ ._ -. _̂ - .̂̂  n̂r̂ CT rT *̂D> 3" rf- "̂
•< ~\ — • *~~*cn — » CO£1 -F*
3"

w 3 y X
« 8 O 3

onov
Vrsa

(A
>
£-or-r z5 °

? * S I 3 21 ? t/> • I •"^5 y - 10Q- * 3 a £ B* 0 o 3 r 5o • ; °
° 0o
a^rx> S

>
o

o

S A M P L E T Y P E

• ^ R E C O V E R Y
G R O U N D W A T E R

S t i r * d J ' d P e n e t r a t o n T e nN . B l o w i / ^ I
U n c o n f m e r t C o m p r e s j i w e ^S t r e n g t h < i ( ( T o m / F t *
Pocke t P p n e t i o f n t t c rq^* T o m / F t '

PerneAb.i . ly
X I U c m / s e c

N a t u t i l D r y Dent t y
l l r t / c a I t

W a t e r C o n t e n t

E L - t muni L>fri>t
P L P u v l t t L . r n . i
S L = S f x t n ^ J ^ e L i m i t

-4(Tl

O
-1

0 0 2 3 5 6

z 2i 2 COcu
f D

OTO
t f l

C T t

CAC90
m

O
ro
O



PAGE 2 o f 3
B a k e r & B o t t s W - 1 6

P / o i e c l N . m « _ _ S h e r i d a n D i s p o s a l S e r v i c e
o ™ . L o c , , l 0 n W a l l e r C o u n t y , T e x a s

,„>. 288-01

i•«••-î
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— .<̂
HCV
r*
>•"•

^•4

*•

—

M D E S C R I P T I O N N O T E S -1
1 D U E F I L L

C L A Y

S A V )

S I L T S E A M

D e p t h - 33.4 '

1 . T e s t p e r f omad i c c o r d i a g t o A S T K3441-7ST
2. 1.0 kg/a* 2 • 1.0 tsf
3. 1.0 otter • 3.23 f e p t

-

£% RESOURCE ENGINEERING INC.
« f i f 0 A M K W M £ M W . C C N l U L B y n «

Con« Penetroaeter Oat«L o c a t i o n C - 1 8S h « r ( d t n O t s p o s t I S e r v i c e
J M 4 / E 8 / 8 4 J 8 8 - 0 1

ovci i fv idnV OBaBMMi
/?^J —— ' A S I n s e r t e d __________

0 0 2 3 8 6



oro



F R I C T I O N S L E E V E H P R E S I M f l N C i R f t T I O
• i 2 3 a « w i^e tea a .? 4 s e

-to «

•15

-20

at

f -c.LU

30

/1
\

— fc^/
•̂

---

)\sk1!r*
1
^

^

»

>

>
_

!»
^

/

i

r
,lv

t

-p

•

i
^

=:

x-

L r f r

r}
*̂ _
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Ŷ̂
\
tr\\*

?
KA
s\S

5F (O0% SATUKATIOM F0«W A V 1 T Y E Q U A L T O :
^— t . T S/— t.TO' — i S is*— 2*30

L L - ' S T . R

\1

IS tO £9
W A T E R e O M T B N T - P U i C E N T 0 ? W S & M T

M A X . G A Y

9 6 . 6

O P T I M U M

16.5

KHL ^*CSl?T»OS< 0« & A S S 3 7 H

R e d d i s h Brown C l a y
Borrow Pit - S h e r i d a n

P L = 2 6 . 0
P I * 3 1 . 8

. ( - ) 2 0 0 =- 94.0%

\\
\̂\
A v K\v\

\ v\O A \
"̂  O\\S^x\\s\r \\\\^v\,

L_ 2x*\j \viJL 380 35

Z A Y & t a A K & t A S S H J E L O C A T K W

S i t e



RO

>
IB

I K )

OS

t.100

1w «.

BH
T-P

OU
MO

8 f
! 

1!

— 9V

i

ft""j—

\
\i

r^

\
\
\
\

"

^
\
\t\

if

\\̂
V
S j >\
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ÛiO
TO Sf

BO

90

100
0 1 005 001 0005 0001

S A N D
C O A R S E J

C l a r i f i c a t i o n
S A N D Y C L A Y

R E P O R T O F S O i L A N A L Y S I S

M E D I U M | F I N E
N a t w 56 LL PL

S I L T O R C L A Y j
PI p r o j e c t S h e r i d a n D i s p o s a l S e r v i c e

W a l l e r C o u n t y
288-01

c>ate 4 / 2 0 / 8 4
8il

0 0 2 3 9 9



too
90

30

Ig
£ 60
QCtu 50
u.
Of "o
(CUJ° - 3 0

20

to
0
K

U S . S T A N D A R D S I C V E O P E N I N G I N
6 « 3 2 I ' / . I

-

i 1

1
— 1

i

t-

1M

t
I N C M t S

- ' 17 • j t -i h-
U S S T A N D A R D S I E V E N U M B E

4 6 ii) l4 }6 2^ iO 19 5*' Lc

•

-

— M

-

W 100 5O 10 5

L r O B B t E S. , „ — — , — — — — — „
Boring N o .

W - 1 0

| G R A V f c t . JJ C O A R S E 1 F I N E I C O A R S E I
S a m p i e No j E l e v or D e p t h

7 3
1

1 5 f - V ;
- , — — — — — — — — — — — — — — — — — — —

S M r y ^ A N D

R E P O R T O F S O I L A N A L Y S I S

E

u A\
ssT ' 10

^4—T,̂
\i \~-1

ii
\

\

t 05
S A N D

! ' 1

^j

kl— 1

H Y O H O M E T E R

1

j 0

10

20

30 IO
UJ£40 V
(D
(E
Ulso c<ou

60 5utuf f;Q s;
80

90

too
0 1 005 OO1 0005 OOO1

M E D I U M } F I N E_ . — — — — — — — — — — PI PI — pf
S I L T O R C L A Y

oi«i S h e r i d a n D i s p o s a l S e r v i c e
W a l l e r C o u n t y
288-0 i

|D-W 4 / 2 0 / 8 4 HE7
0 0 2 4 0 0



U S . S T A N D A R D S t E V E O P l N f N f c I N I N C H E S U S
tOQr 6 4 ? ;, '.', 3 .A 6 811 UU

90

80

l_ 70IO
Ul£ SO
01
(Euj SO
u.t-
£ 40(J
IT01

20

t o
0
8

I 1
1 i i 1 1

1

*

S

~T^

— — — —

j r A N O A H D S i f ' v r N U M B E R S
0 (4 16 20 30 40 W) 70 100 140 200

—— -- •• -V ! [
%Vi^

1 '\ 1I1 1
1h- !— — . _

X) 100 5O 10 5 1 05C H A I N 3 | I E I N M I L L t M E r C a S

C O B B L E S

Boring No.
W - 1 0

Swnpie No £
8 d— — — t t

G R A V E L
C O A R S E I F ( N E

wv Of D e p t h
.I1 -44 5

k~

- H Y D R O M E T E R

L. ,

0

10

20

30 TO
UJ

40 >-CD
f fUJ

50 g
OCJ

60 £
UlUec70 £

80

90

too
0 1 G05 001 0005 0001

S A N D
C O A R S E M E D I U M \ F I N E

C l a s s t f i c n t i o r t
^ T L T Y S f l N D

R E P O R T O F S O I L A N A L Y S J S

N d t w % LL PL P. — P

<

S I L T O R C L A Y

oi*ct S h e r i d a n D i s o o s a l S p r v i r p
L ' d l l e r C n n n f . y 1
288-01 1

D a t e 4 / 2 0 / 8 4
i KSKimil

0 0 2 4 0 1



100

90

83

H- ?0
O
UfS 63
o
Ul £0Zu.
H -5 <ooocUl° - 3 0

20

10

0
5C

U . S . S T A N D A R D S I E V E O P E N t N G I N I N C H E S U S
& 1 2 V , » - 3 a 6 8 11 1

i

::
j
|

-

i T r- -f" — n
S T A N D A R D S I E V E N U M B E R S
0_ 14 16 29 30 4p 6O 70 tOO !40
""* -1-- ' r*

-

f-W* B-» I

V111
1I
\ \

1C 100 50 10 5 1 05C H A I N S I E C I N M I L L I M E T E R S
C O B B L E S

Boring No.
W - 1 3

S a m p t e N o .
I ) i

G R A V E L
C O A R S E | F I N E

E l e y o r D e p t hn s ' - a s

.

H Y D R O M E T E R
200

i

— I t

0

10

20

30 XO
ui£40 >CD
(C

50 £
OO

60 £
UlO
C70 £

BO

90

too
31 035 001 0005 OOOt

S A N D
C O A R S E !

C l a s s i f i c a t i o n
S F I T Y S A M X n

/ ^ a w n v ^n 7I L l ]

R E P O R T O F S O I L A N A L Y S I S

M E O I U M ] F I N E
Nat w% L L PL

S I L T O R C L A Y
P I p m i c c t S h e r i d a n O i < ; p n < ; a l S p r v i r A

W a l l e r C o u n t v
288-01

a a t e 7 / 2 / 8 4 mi
0 0 2 4 0 2



U S - S T A N D A R D S I E
1 0 0 , — — — — — — — — f i — — — —

90

80

K ' 0IO
Ui£ 60
mec1 so
U.

£ 40
U
£Ui° - 3 0

20

to
0&

>
R E O P E N I N G I N I N C H E S
3 2 ,, r> . } .... Si *_i 1 i r

U . S
" J T — ri

— —

S T A N D A R D S I E V E N U M B E R S

— — — — — -

• - Mi S- l — L tŝ
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N o t e : M W - 2 0 , 22 , 26 , 27 ; 28 have been i n s t a l l e d with
p r o t e c t i v e ca s ing . The ca s ing was cemented in p l a c e
us ing a t r s m i e p i p e t o f i l l t h e annu lu s , and a l l o w e d
to se t over n i g h t . The wel l was d r i l l e d t hrough the
p r o t e c t i v e ca s ing to the b o t t o m of the sand layer.
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W E L L D E V E L O P M E N T O F M W _ # 1 - 1 9

W e l l . . I I
T h i s 4" d i a m e t e r we l l was d r i l l e d in J a n u a r y of 1972 to a

to tal d e p t h of 115 f e e t . T h i s well is equ ipped with an
e l e c t r i c powered jet p u m p and is c urr en t ly be ing used as a
l iv e s t o ck s u p p l y we l l . No i n f o r m a t i o n is a v a i l a b l e as to the
i n i t i a l well d eve l opment procedure f o l l o w e d . I n A p r i l o f 1384,
REI per s onne l ran the we l l p u m p for 45 minu t e s to purge the
w e l l . The water f r o m the well had a measured pH of 7.22 and a
c onduc t iv i ty 673 micromhos.

W e l l #2
T h i s 2" d iame t er we l l was d r i l l e d in 1983 by the E P A . No

i n f o r m a t i o n i s a v a i l a b l e r e g a r d i n g th e i n i t i a l w e l l d e v e l o p m e n t
procedure f o l l o w e d . In March of 1984 the well was in spe c t ed by
REI per s onne l for p o s s i b l e use as a p i e z o m e t e r . The wel l at
that time was not s u i tab l e for that purpo s e as the well had
s i l t e d up above the water t a b l e and water level measurements
could not be o b ta ined . In A p r i l of 1984, an a t t e m p t was made
to remove the sediments by the air l i f t method. T h i s method
recpiires a 125 CFM air compres sor with a c o a l e s c i n g f i l t e r to
prevent oi l d i s c h a r g e into the wel l casing. S e v e n f e e t of well
casing was cleared of sediment using the air l i f t method making
water obtained f r o m this well by REI personnel had a measured
pH of 7.85 and a conduc t iv i ty of 885 micromhos.

•"1 *"



W e l l #4

T h i s 4" d i a m e t e r w e l l was d r i l l e d in 1963 and had been
e q u i p p e d wi th a w i n d m i l l p u m p f o r l i v e s t o c k s u p p l y p u r p o s e s
unt i l 1971 when the we l l was abandoned . No i n f o r m a t i o n is
a v a i l a b l e an th e i n i t i a l we l l d e v e l o p m e n t p ro c edur e f o l l o w e d .
In A p r i l o f 1984, REI per sonne l removed s i x we l l ca s ing volumes
u s ing the a ir l i f t me thod . The water f r o m the w e l l had a
measured pH of 8.02 and a c o n d u c t i v i t y of 1070 micromhos ,

T h i s 4" w e l l was d r i l l e d on 1*7-72. The we l l i s c u r r e n t l y
i n a c t i v e and no i n f o r m a t i o n is a v a i l a b l e on the w e l l
d e v e l o p m e n t pro c edure that was used. On A p r i l 19, 1984 six
w e l l volumes were removed us ing an air c ompre s s o r wi th a
c o a l e s c i n g f i l t e r . W a t e r ob ta ined f r o m t h e w e l l b y R E I
per sonne l had a measured pH of 7.88 and a c onduc tance of 1328
micromhos.

W e l l #6
T h i s 2" w e l l wa s d r i l l e d t o a t o t a l d e p t h o f 5 9 . 2 f e e t

p r i or to 1984. No i n f o r m a t i o n was a v a i l a b l e as to how the we l l
was i n i t i a l l y d e v e l o p e d . The wel l was r e d e v e l o p e d u s ing an air
c ompre s s or with a c o a l e s c i n g f i l t e r t o prevent o i l d i s c h a r g e
down the we l l c a s t i n g . At l ea s t s ix we l l cas ing volumes of
water were removed to r e d e v e l o p the w e l l . W a t e r obtained f r o m
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the we l l by REI p er s onne l had a measured pH of 7.2 and a
c onduc tanc e of 883 micromhos.

W e l l , 9 7

T h i s w e l l was d r i l l e d by REI to a d e p t h of 96 f e e t on
3-31-84. T h e w e l l w a s d e v e l o p e d u s ing t h e a i r l i f t method o f
w e l l d e v e l o p m e n t . A n a i r c ompre s s o r w i th c o a l e s c i n g f i l t e r w a s
used to remove 10 to 50 w e l l ca s ing vo lume s u n t i l t u r b i d i t y in
the water was no l onger v i s u a l l y n o t i c e a b l e . On A p r i l 16, 1984
water ob ta ined f r o m the w e l l had a measured pH of 7.5 and a
c onduc tanc e o f 653 micromhos .

W e l l # 8
T h i s 4" w e l l was d r i l l e d an 1-7-72 to a d e p t h of 66 f e e t

b y H & N D r i l l i n g C o . ( s e e a t ta ch ed l o g ) . T h e w e l l w a s e q u i p p e d
wi th 1/2 hp e l e c t r i c s ubmer s i b l e p u m p se t a t a d e p t h o f 59 f e e t
w e l l d e v e l o p m e n t and i n s t a l l a t i o n was superv i s ed by Jim Bain o f
t h e T e x a s W a t e r Q u a l i t y Board, i n A p r i l o f 1984 , R E I p e r s o n n e l
removed s i x we l l ca s ing volumes u s ing th e a ir l i f t m e t h o d .
W a t e r f r o m the we l l had a measured pH of 7.6 and a c o n d u c t i v i t y
of 794 micromhos.
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W e l l # 9
T h i s 4" w e l l is l o c a t e d on the east s i d e of the S h e r i d a n

d i s p o s a l f a c i l i t y and ha s an a p p r o x i m a t e l y d e p t h o f 164 f e e t .
N o i n f o r m a t i o n i s a v a i l a b l e r e g a r d i n g t h e i n i t i a l we l l
d e v e l o p m e n t pro c edure f o l l o w e d . I n A p r i l o f 1984 a t l eas t s i x
we l l ca s ing volumes o f water were removed u s ing the air l i f t
method. W a t e r o b ta ined f r o m the w e l l be REI per s onne l had a
aeasured pH of 7.2 and a c o n d u c t i v i t y of 896 micromhos.

W e l l 1 1 0
T h i s 2" d i a m e t e r w e l l as i n s t a l l e d by REI and d e v e l o p e d

u s i n g the air l i f t method u n t i l the water was no l o n g e r
t u r b i d . In A p r i l o f 1984, water ob ta ined f r o m th e we l l by REI
p e r s o n n e l had a measured pH of 7.3 and a c o n d u c t i v i t y of 1230
micromhos.

W e l l 4 1 1
T h i s 4" w e l l was i n s t a l l e d to a d e p t h of 135 f e e t and been

used as a d o m e s t i c and l i v e s t o c k s u p p l y w e l l . No i n f o r m a t i o n
i s a v a i l a b l e r e g a r d i n g th e w e l l d e v e l o p m e n t p r o c e d u r e
f o l l o w e d . In A p r i l o f 1984, the we l l p u m p was turned on and
a l l o w e d to run for 45 minu t e s . W a t e r ob ta ined f o r m th i s we l l
by REI p e r s o n n e l had a measured pH of 7.16 and a c onduc t iv i ty
of 765 micromhos.
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W e l l 1 1 2
T h i s 2" we l l was i n s t a l l e d by REI and d e v e l o p e d us ing the

air l i f t method unt i l th e water was no l o n g e r t urb id . In A p r i l
of 1984, water ob ta ined by RET p er s onne l had a measured pH of
7.50 and a c o n d u c t i v i t y of 1765 micromhos.

In J u n e of 1984, monitor w e l l s 13, 14, 15, 16, and 17 were
i n s t a l l e d b y R E I . T h e s e w e l l s were d e v e l o p e d b y t h e a i r l i f t
m e t h o d . At l ea s t s ix w e l l ca s ing vo lumes of water were removed
unt i l th e water was l o n g e r v i s u a l l y t u r b i d .

I n A u g u s t o f 1984, moni tor W e l l # 1 8 w a s i n s t a l l e d b y R E I .
T h i s w e l l w a s d e v e l o p e d u s i n g t h e a i r l i f t me thod unt i l t h e
water was no l o n g e r v i s u a l l y t u r b i d . At l e a s t s ix we l l c a s i n g s
volumes o f water were removed. In March o f 1 9 8 5 , moni t or we l l
#19 was i n s t a l l e d by REI. T h i s w e l l wa s d e v e l o p e d u s i n g th e
air l i f t method u n t i l the water was no l o n g e r v i s u a l l y t u r b i d .
At l e a s t s ix w e l l ca s ing volumes of water were removed f r o m the
w e l l .



PH and s p e c i f i c c o n d u c t i v i t y ( E C ) S t a b i l i 2 e d a f t e r a m i n i f f l u m Q f
three volumes of water were
me thod s used to d e v e l o p e the mon i t o r
*>r PH, EC, co lor and water level are recorded on the f o l l o w i n g
p a g e s : v

M W - 2 0

M W - 2 2
M W - 2 3
M W - 2 4 :
M W - 2 5 :
M W - 2 6 :

M W - 2 7 :
M W - 2 8 :
M W - 2 9 :

N o t e :

D e v e l o p e d w i t h 4 inch s u b m e r s i b l e p u m p
H a n d b a i l e d and surge b l o c k e d
( s e e n o t e )

H a n d b a i l e d and surge b l o c k e d
H a n d b a i l e d and surge b l o ck ed
H a n d b a i l e d and surge b l o c k e d
H a n d b a i l e d , 2 volumes of water was removed in
5 m i n U t S S ' there «** "o change in water l eve l
( s e e n o t e )
(see n o t e )

D e v e l o p e d wi th 4-inch s u b m e r s i b l e p u m p a n d
surge b l o c k

P i e z o m e t e r s M W - 2 2 , M W - 2 7 , a n d M W - 2 8 were a i r l i f t e d
f o r 20-30 minute s o n 1 2 / 3 / 8 5 . T h e w e l l s produc ed
10-15 g p m , it was c l ear of f i n e s .
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M O N I T O R W E L L D E V E L O P M E N T RECORD

C l i e n t : 5&S Job # : 5 r i - -"-
Locat ion: Date : / 51 / £ / $ b
W e l l 1 : /V/i ' - £ / D e p t h t o water ; ~b^> ^ 3
W e l l D i a m e t e r :
g a l l o n s / f e e t :

V o l u m e I

Vol. 11

Vol. 12

Vol. 13

Vol. 15

Vol. #6

Wl- 33.1t'

' x *

5 ' T o t a l D e p t h : \**' "
It 3 W e l l V o l u m e : r . -* -•

PH

7,25

^
">..r

7!«-3*%i

«s

C o n d .

. . ' 0

&2C

730

,,0

::«o
' «

«5 '

f e / /5 ^r

T e m p .

-
,

L GI a -5

-̂ vS^̂  j,2.4. i;.-.:—/™

C o l o r

'

•

3(, 15'

— — — — — J » ^

Remarks

L
i.
t
c

(

^

S

• • * ' ' • * * • *



M O N I T O R . W E L L D F V E L O P E K E N T RECORD

C l i e n t i
L o c a t i o n :t f c 1 1

D e p t h to water ; 3 j?
T o t a l D e p t h :
W e l l V o l u m e :

W e l l D i a m e t e r
g a l l o n s / f e e t



_ . _ _ M O N I T O R W E L L D E _ y _ E L Q P E M E N T RECORD

C l i e n t ; ^ (Q $
L o c a t i o n :
W e l l i :

Job # : 2 b S - ' V
D a t e :

U
W e l l D i a m e t e r :
g a l l o n s / f e e t : • } &

D e p t h to water : "5 <
T o t a l D e p t h : _ <T //
W e l l V o l u m e :

. 3



• - ' 2 . 1 .

' •*at -

M O N I T O R W E L L D E V E L O P E H E N T RECORD

/"^

C l i e n t : $£S Job * : 5 c 5 ~ ^
L o c a t i o n : Dat e : - '-^ / f
W e l l # : Mtts-Z^ D e p t h to water
W e l l Diameter ;
g a l l o n s / f e e t :

V o l u m e t

V o l . #1

vol. n

>
V o l . #3

V o l . #4

V o l . 15

V o l . *6 * U
* *•

s&f {\-f/S L&. i* •"*

3 s\ s- S1 *7 / ^ j / T V <̂"̂
° ^ ' ' f ? X ' ^ - ^ •

: 3 } 5£
"5 X/ T o t a l D e p t h : -"-' x - * *

/fc 3 W e l l Volume : •" ~ **• -1
;'

PH

7.«

7,<,

>>r.

7.3S

V
> •

"** i 1
*"T"ti' ~̂*̂  *̂ V" _

Cond .

,J
mo

^
/ o ,"-

" I
t '^

T e m p .

' « :

-

r

» t' . r

C o l o r

- ' J r

>•

v
A

Jil?

Remarks

i
v

- . , v

•4

^

\-

t

s

* - -. ^*-_.._ * ^ * iC^*i_ . %' •' Mf$ii8i£&i$
c .*-«' + ' - /



MONITOR WELL DEVELOPEMENT RECORD

L o c a t i o n ;
W e l l # :
W e l l D l i i ' j i t t e r : V

«ft*»B^I^^ ' '
_ D e p t h £o water :
_ T o t a l D e p t h :

g a l l o n s / f e e t : 6 £

V o i . 12

V o l . #3

V o l .

Vol. #5

V o l . £6

W e l l Volune : / .S".

? / a

C^ (9

X

li 3

5

/ / /



MONITOR WELL DEVELOPEHENT RECORD

Client \
L o c a t i o n ; 7 /
W e l l i t_Mj6

^Bp4̂ ^̂ t4

JobDate : v? A/V £
D e p t h to water : 3 3

W e l l Disa s t er :
g a l l o n s / f e e t : __. (»_S_3

T o t a l D e p t h : .. .£! '

V o l . 92

V o l .

V o l . IT

Vol".

"r/
3?

W e l l V o l u m e : _ ) £ ~ . y

/ / >



M O N I T O R W E L L D E V E L O P E M E N T RECORD

C l i e n t : < / / , y^ Job i : r "V (54*
L o c a t i o n : £ / ^ i # - „ - , - . - V Date : 12 6ly\u ' 'W e l l 1 : /^ (4^- J 9 D e p t h to water
W a l l Diameter :
g a l l o n s / f e e t :

V o l u m e 1 J

0
V o l . # l c " ^ /^ 7

V o l . 12 ^

V o l . #3

V o l . 14

V o l . #5

Vol". #6

. fi^« r« 7 ~i 7 1,1 0..VT o, *2 ' -j ' •?• «/ ^ f i J -^ / '
l\ P'JC T o t a l D e p t h : 5T *"* "

^5^ W e l l Volume : /5 .! vl

PH ; ' )

7. 3 r"

Cond.

"'
%£.

33'*.*"

t

""

C o l o r/i j

"

Remarks
•^^ &J2Q

*^& \^*t*r

/ 3 0 < 5

'

-

i
iii

*

tôi-\i
D



P i e z o m e t e r D e v e l o p m e n t

P i e z o m e t e r s M W - 2 2 , M W - 2 7 and M W - 2 8 were a ir l i f t e d f or 20 - 30 minu t e s
on 1 2 / 3 / 8 5 . The w e l l s p r o d u c e d l a r g e vo lumes o f wat er 10 - 15 g p m . The
water was c l ean and f r e e o f f i n e s . MW-26 was hand b a i l e d on 1 2 / 1 6 / 8 5 .
20 g a l l o n s (2 we l l v o l u m e s ) were removed in 5 m i n u t e s , t h e r e was no change
in water l e v e l .
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C A L C U L A T I O N S A N D C O M P U T A T I O N S S H
P R O J E C T :
S U B J

J 0 9 N O . :
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Q =
/V ^ 23.

w

CM
O



T h e i s Equat ion
T ^ 114.6 Q W ( u )

W h e r e
5 = drawdown ( f t )Q - p u m p i n g rate (gpm)
T = c o e f f i c i e n t o f t r a n s m i s s i v i t y o f thea q u i f e r ( g p d / f t )W ( u ) = W e l l f u n c t i o n o f u

CMoo
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12 131 T h e i s Curve M a t c h i n g
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12 Recovery M W - 2 5 ( T h e i s Curve M a t c h )
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M o d i f i e d N o n e g u i l i b r i u m Equation

T = 264 Q
4 S

Where
T
Qs =

C o e f f i c i e n t o f t r a n s m i s s i v i t y ( g p d / f t )P u m p i n g rate ( g p m )
S l o p e of the t ime - drawdown g r a p h e x p r e s s e d asthe change in drawdown between any two t imes onthe log s ca l e whose ratio is 10
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T i m e - d r a w d o w n , MW-24
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Time-drawdown, MM*25
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P u m p i n g Rate versus T i m e
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A P P E N D I X 4 E
M O N I T O R W E L L W A T E R L E V E L M E A S U R E M E N T S

OVER T I M E 4 / 5 / 8 4 - 1 / 2 / 8 7
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MDnitoring W e l l -

Top o f
casing

Date elevation

4 / 5 / 8 4 167.84
4 / 6 / 8 4
4 / 9 / 8 4
4 / 1 6 / 8 4
4/17/84

W e l l became plugged and

1 1 / 2 2 / 8 5
12/6/85
12/13/85
12/19/85
1 / 3 / 8 6
1 / 1 4 / 8 6
2/7/86
3 / 2 1 / 8 6

4 / 2 4 / 8 6
5/9/86
6/11/86
7/15/86
8/18/86
9/18/86
10/27/86
11/28/86
1/2/87

Depth
to water

( f t )

Dry
35.5

Dry
36.4
36.6

rejuvenated to

34.85
29.3
27.53
28.44
31.74
32.78
28.86
NA

35.55
32.50
26.03
31.70
34.01
32.52
29.23
30.47
26.01

Water
elevation

( M S L )

132.3
-

136.0
135.8

a total

132.99
138.5
140.31
139,40
136.10
135.06
138.98

-

132.29
135.34
141.81
136.14
133.83
135.32
138.61
137.37
141.83

Notes

depth of 40.5 f e e t .

stage - low
stage - very high
tape weight too large
to go down; stage
normal
very low
stage - low
stage - high
stage - medium
stage - low
stage - medium
stage - high
stage - high
stage - high

CÔ

CMoo



Monitoring W e l l - 2

Date

4/17/84
7 / 5 / 8 4
4 / 2 0 / 8 4

Top of
casing

.elevation

172.09

Depth
to water
.. ( f t )

38.37
38.60
38.77

Water
elevation

( M S L )

133.32
133.09
132.92

No access, well covered with stock water tank.

Notes

CO*tf
CM
Oo



Monitoring W e l l - 3

tete

4/5/84
4/6/84
4/9/84
4/16/84
4/17/84
10/30/84
10/30/85
11/13/85
11/22/85
12/6/85
12/13/85
12/19/85
1/3/86
1/14/86
2 / 7 / 8 6
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6/11/86
7 / 1 5 / 8 6
8/18/86
9/18/86
10/27/86
11/28/86
1/2/87

Top of Depth
casing to water

elevation ( f t )

167.92 38.42
35.5
35.2
36.2
35.7
34.2
34.25
34.81
34.52
31.28
30.5
30.21
31.61
32.38
30.25
32.87
34.32
32.72
29.35
31.06
32.98
32.37
30.35
30.87
27.81

Water
elevation

( M S L )

129.50
136.9
137.2
136.2
136.7
138.2
138.11
137.55
133.40
136.64
137.4
137.71
136.31
135.54
137.67
135,05
133.60
135.20
138.57 ;
136,86 i
134.94 i
135.55 £
137.57 s
137.05 E
140.11 £

Notes

CO
•=3-
C\Joo

stage - high
stage - medium
stage - low
stage - average
stage - high
stage - high
stage - high



Koni tor i j x f W e l l - 4

Gate

4 / 6 / 8 4
4 / 9 / 6 4
4/16/84
4/17/84
3 / 6 / 8 5
3 / 1 2 / 8 5

Tcp o f
casing

elevation

169.73

Depth
to water
- J £ L _

36.85
36.6
36.8
36.67
34.27
33.62

Water
elevation
_ (MSL)

132.88
133.1
132.9
133.06
135.46
136.11

Notes

CM
Oo



Monitoring Wel l - 5

gate

3 / 2 6 / 8 4
3 / 2 7 / 8 4
4 / 5 / 8 4
4 / 6 / 8 4
4/9/84
4 / 1 6 / 8 4
4/17/84
3 / 6 / 8 5
3 / 1 2 / 8 5
11/22/85
1 2 / 6 / 8 5
12/13/85
12/19/85
1 / 3 / 8 6
1/14/86
2 / 7 / 8 6
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6/11/86
7 / 1 5 / 6 6
8/18/86
9 / 1 8 / 8 6
10/27/86
11/28/86
1/2/87

Tcp of Depth
casiiig to water

elevation ( f t )

172.36 38.67
38.67
38.42
38.45
38.1
38.3
38.15
35.71
35.63
38.16
32.51
37.14
36.76
35.92
36.08
36.55
35.97
36.90

NA
35.67
34.85

NA
NA
35.77
35.57
34.49

Water
elevation
_. (MSL)

133.69
133.69
133.94
133.91
134.3
134,1
134.21
136.65
136.73
134.20
139.85
135.22
135.60
136.44
136.28
135.81
136.39
135.46

136,69
137.51

«t?

136.59
136.79
137. fl7 e

Notes

cr--v?
CV!
O
O

stage - high



Monitoring Wel l - 6

tote

3/26/84
3/27/84
4 / 5 / 8 4
4 / 6 / 8 4
4 / 9 / 8 4
4/16/84
4 / 1 7 / 8 4
3 / 6 / 8 5
3 / 1 2 / 8 5
1 1 / 6 / 8 5
11/13/85
11/22/85
12/6/85
12/13/85
12/19/85
1/3/86
1/14/86
2/7/86
3/21/86
4/24/86
5/9/86
6/11/86
7/15/86
8/18/86
9/18/86
10/27/86
11/28/86
1/2/87

$op of Depth
casing , to water

elevation ( f t )

168*16 32.67
32.67
32.75
32.75
32.50
32.90
32.84
29.45
30.58
32.35
32.54
32.42
31.01
30.82
30.28
30.3
30.68
30.54
30.83
31.67
30.88
29.59
29.61
30.76
30.62
29.90
29.99
28.53

Water
elevation

( M S L )

135.49
135.49
135,41
135.41
135.66
135.26
135.32
138.71
137.58
135.81
135.62
135.74
137.15
137.34
137.88
137.9
137.48
137.62
137.33
136.49
137.28
138.57
138.55
137.40
137.54
138.26
138.17
139.63

Notes

CM

CMoo



Monitoring W e l l - 7

Date

4/5/84
4/6/84
4/9/84
4/16/84
4/17/84
3/6/85
3/12/85
11/6/85
11/13/85
11/22/85
12/6/85
12/13/85
12/19/85
1/3/86
1/14/86
2 / 7 / 8 5
3/21/86
4 / 2 4 / 8 6
5 / 9 / 8 6
6/11/86
7/15/86
8/18/86
9/18/86
10/27/86
11/28/86
1/2/87

Top of Depth
casing to water

elevation ( f t )

169.43 38.00
38.00
33.70
34.40
33.52
31.42
31.66
33.95
33.83
33.72
32.45
31.75
31.75
31.75
31.96
31.41
31,89
32.55
32.00
30.65
30.75
31.80
31.78
31.27
31.24
29.77

Water
elevation

_ . < M S L )

131.43
131.43
135.73
135*03
135.91
138.01
137.77
135.48
135.60
135.71
136.98
137.68
137.68
137.68
137.47
138.02
137.54
136.88
137.43
138.78
138.68
137.63
137.65
138.16
138.19
139.66

Notes

CM
Oo



Monitoring W e l l - 8

Date

4/6/84
4/9/84
4/16/84
4/17/84
3/12/85
10/30/85
11/13/85
11/22/85
12/6/85
12/13/85
12/19/85
1/3/86
1/14/86
2 / 7 / 8 6
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5/9/86
6/11/86
7/15/86
8/18/86
9/18/86
10/27/86
11/28/86
1/2/87

I t o p of Depth
casing to water

elevation ( f t )

169.25 33.75
33.5
33.45
33.50
31.83
33.50
33.38
33.24
32.55
32.43
31.94
31.52
31.82
32.00
32.17
32.36
32.02
31.18
30.75
31.62
31.68
31.23
31.27
30.26

Water
elevation

( M S L )

135.50
135.8
135.80
135.75
137.42
135.75
135.87
136.01
136.70
138.82
137.31
137.73
137.43
137.25
137.08
136.89
137.23
138.07
138.50
137.63
137.57
138.02
137.98
138.99

Notes

CM
Oo



Monitoring Wel l - 9

Date

4 / 9 / 8 4
4 / 1 6 / 8 4
4/17/84

Top of
casing

elevation

178.75

Depth
to water

( f t )

39.9
39.95
39.97

Water
elevation

( K 5 L )

138.8
138.80
138.78

Notes

Access limited by water tank in

CM
Oo



Monitoring Wel l - 10
Top of
casing

Date elevation

4 / 5 / 8 4 168.34
4 / 6 / 8 4
4 / 9 / 8 4
1 0 / 3 0 / 8 5
1 1 / 1 3 / 8 5
11/22/85
1 2 / 6 / 8 5
12/13/85
12/19/85
1 / 3 / 8 6
1/14/86
2 / 7 / 8 6
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6 / 1 1 / 8 6
7 / 1 5 / 8 6
8 / 1 8 / 8 6
9 / 1 8 / 8 6
10/27/86
11/28/86
1/2/87

Depth
to water
- ( * ) _

32.00
32.1
31.6
31.83
32.03
32.02
31.70
31.59
31.38
30.96
30.91
31.11
30.40
30.73
30.78
30.39
30.04
30.24
30>39
30.35
30.21
29.93

Water
elevation

( M S L )

136.34
136.2
136.7
136.51
136.31
136.32
136.64
136.75
136.96
137.38
137.43
137.23
137.94
137.61
137.56
137.95
138.30
138.10
137.95
137.99
138.13
138.41

Notes

CM
Oo



Monitoring W e l l - 12

Top o f
casing

Date elevation

4 / 5 / 8 4 169.61
4 / 6 / 8 4
4 / 6 / 8 4
4/19/84
1 1 / 2 2 / 8 5
1 2 / 6 / 8 5
12/13/85
12/19/85
1 / 3 / 8 6
1/14/867
2 / 7 / 8 6
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6/11/86
7 / 1 5 / 8 6
8/18/86
9 / 1 8 / 8 6
1 0 / 2 7 / 8 6
11/28/86
1/2/87

Depth
to water
_ J f t ) _

28.00
28.08
28.1
27.75
28.50
27.68
27.61
28.02
27.73
MA
28.03
27.79
27.99
27.82
27.01
27.02
27.71
27.71
27.57
27.52
26.60

Water
elevation

C M S L )

141.61
141.53
141.5
141.86
141.11
141.93
142.00
141.59
142.48

™-
141.58
141.82
141.62
141.79
142.60
142.59
141.90
141.90
142.04
142.09
143.01

Notes

CM
O
O

f i i i ini i | t f n nirr.irtiiiVLin



Monitoring W e l l - 13

Date

6/12/84
6/13/84
3 / 6 / 8 5
8 / 2 7 / 8 5
1 0 / 3 0 / 8 5
11/6/85
1V13/85
1 V 2 2 / 8 5
12/6 /85
12/13/85
12/19/85
1 / 3 / 8 6
1/14/86
2 / 7 / 8 6
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6/11/86
7 / 1 5 / 8 6
8/18/36
9 / 1 8 / 8 6
10/27/86
11/28/86
1/2/87

Top of Depth
casing , to water

elevation ( f t )

173.63 36.9
36.87
34.43
36,9
38.5
38.12
39.03
38.01
31.47
35.44
35.53
35.58
35.81
35.24
35.73
36.93
36.05
34.40
34. €2
35.85
35.93
35.32
35.17
33.31

Water
elevation

( M S L )

136.7
136.76
139.20
136.7
135.1
135.51
134.60
135.62
142.16*
138.19
138.10
138.05
137.82
138,39
137.90
136.70
137.58
139.23
139.01
137*78
137.70
138.31
138.46
140.32

Notes

CO

CM
O
O

* incorrect, due to apparent measuring error



Monitoring W e l l - 14
Top of
casing

Date elevation

10/30/85
11/6/85
11/13/85
11/22/85 175.30
1 2 / 6 / 8 5
12/13/85
12/19/85
1 / 3 / 8 6
1/14/86
2 / 7 / 8 6
3 / 2 1 / 8 6
4/24/86
5 / 9 / 8 6
6/11/86
7/15/86
8/18/86
9/18/86
1 0 / 2 7 / 8 6
11/28/86
1 / 2 / 8 7

Depth
to water

..(ft)

39.58
39.97
38.88
39.82
38*30
37.12
37.36
37,43
32.65
37.06
37.63
38.47
37.94
36.23
36.39
37.69
37.71
37.06
36.88
35.01

Water
elevation

(M5L)

135.72
135.33
135.42
135.48
137.00
138.18
137.94
137.87
142.65*
138.24
137.67
136.83
137.36
139.07
138.91
137.61
137.59
138.24
138.42
140.29

Notes

CM
Oo

* incorrect due to apparent measuring error



Monitoring W e l l - 15

Top of
casing

Date elevation

6 / 1 2 / 8 1 174.16
6 / 1 3 / 8 4
3 / 6 / 8 5
3/12/85
10/30/85
11/13/85
11/22/85
1 2 / 6 / 8 5
12/13/85
1 2 / 1 9 / 8 5
1 / 3 / 8 6
1/14/86
2 / 7 / 8 6
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6/11/86
7 / 1 5 / 8 6
8/18/86
9 / 1 8 / 8 6
10/27/86
11/28/86
1/2/87

Depth
to water

( f t )

38.84
39.45
33.34
35.43
38.8
40.40
38.84
35,81
34.43
34.88
37.60
38.31
34.25
39.25
40.40
37.58
33.65
36.92
39.57
37.41
35.02
35.65
33.21

Water
elevation

( M S L )

135.32
134.71
140.82
138.73
135.36
133.76
135.32
138.35
139.73
139.28
136.56
135.85
139.91
134.91
133.76
136.58
140.51
137.24
134.59
136,75
139.14
138.51
140.95

Notes

Co
LA
OJ
Co

s t a j e - hic jh



Monitoring W e l l * 16
Top o f
casing

Date elevation

6/12/84 173.80
6/13/84
3 / 6 / 8 5
3/12/85
10/30/85
11/13/85
11/22/85
1 2 / 6 / 8 5
12/13/85
12/19/85
1 / 3 / 8 6
1/14/86
2 / 7 / 8 6
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6 / 1 1 / 8 6
7 / 1 5 / 8 6
8/18/86
9 / 1 8 / 8 6

10/27/86
11/28/86
1/2/87

Depth
to water

( f t )

40.1
40.62
33.81
35.65
40.3
41.25
40.91
36.18
35.63
35.31
37.60
38.68
36.22
39,54
41.10
38.82
34.81
37.29
39.65

NA

35.96
36.96
32.82

Water
elevation

( M S L )

133.7
133.18
139.99
138.15
133.5
132.55
132.89
137.62
138.17
138.49
136.20
135.12
137.58
134.26
132.70
134.98
138.99
136.51
134.15

-

137.84
136.84
140.98

Notes

Oin
C\Joo

pond odor too strong
to measure



Monitoring Wel l - 17

tete

6/13/84
3 / 6 / 8 5

Top o f
casing

elevation

171.83

Depth
to water

( f t )

35.21
32.42

Water
elevation

( M S L )

136.62
139.41

Notes

A Q d D E N T L Y DESTROYED
CM
Oin
CM
O
O



Monitoring W e l l - 18
Top of
casing

Date elevation

10/30/85 173.92
11/13 '
11/22
12/6/95
12/13/85
12/19/85
1 / 3 / 8 6
1/14/86
2/7/86
3 / 2 1 / 8 6
4/24/86
5 / 9 / 8 6
6/11/86
7/15/86
8/18/86
9/18/86

10/27/86
11/28/86
1 / 2 / 8 7

Depth
to water
_ 1ft)

40.5
42.31
40.94
36.13
35.62
35.22
37.61
38.76
36.44
39.65
41,21
38.83
34.80
37.35
39.84

NA

35.95
37.04
32.75

Water
elevation

( M S L )

133.4
131.61
132.98
137.79
138.30
138.70
136.31
135.16
137.48
134.27
132.71
135.09
139.12
136.57
134.08

-

137.97
136.88
141.17

Notes

Oin
<M
O
O

pond odor to strong to
measure



Monitoring W a l l -

tote

10/30/85
11/22/85
12/6/85
12/13/85
12/19/85
1 / 3 / 8 6
1/14/86
2 / 7 / 8 6
3/21/86
4/24/86
5 / 9 / 8 6
6/11/86
7 / 1 5 / 8 6
8/18/86
9 / 1 8 / 8 6
1 0 / 2 7 / 8 6
11/28/86
1/2/87

* ° p o f Depth
casing to water

elevation ( f t )

170.38 31.8
31.98
30.49
30.54
29.98
29.93
30.21
30.36
30.43
31.06
30.37
29.10
29.58
30.53
30.43
29.86
29.93
28.35

Water
elevation

( M 5 L )

138.6
138.40
139.89
139.84
140.40
140.45
140.17
140.02
139.95
139.32
140.01
141.23
140.80
139.85
139.95
140,52
140.45
142.03

Notes

o
LA
C\J
Oo



Monitoring W e l l -20

Top of
casing

Date elevation

12/13/85 170.10
12/19/85
1 / 3 / 8 6
1/14/86
2 / 7 / 8 6
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6 / 1 1 / 8 6
7 / 1 5 / 8 6
8/18/86
9 / 1 8 / 8 6
10/27/86
11/28/86
1/2/87

Depth
to water

( f t )

32.59
32.43
32.40
32.56
32.14
32.35
33.00
32.57
31.40
31.47
32.26
30.43
31.77
31.73
30.51

Water
elevation

( M S L )

137.51
137.67
137.70
137.54
137.96
137.75
137.10
137.53
138.70
138.63
137.84
139.67*
138.33
138.37
139.59

Notes

O
I T ,
CM
O
O

* incorrect due to apparent measuring error



Monitoririg W e l l - 21
Top o f
casing

Pate elevation

12/13/85 170.05
12/19/85
1/3/86
1/14/86
2 / 7 / 8 6
3/21/86
4 / 2 4 / 8 6
5 / 9 / 8 6
6 / 1 1 / 8 6
7 / 1 5 / 8 6
8/18/86
9 / 1 8 / 8 6
10/27/86
11/28/86
1/2/87

Depth
to water

( f t )

33.55
33.05
32.64
32.76
32.95
32.37
32.88
32.76
32.22
31.61
31.97
32.13
32.00
31.89
31.47

Water
elevation

( M S L )

136.50
137.00
137.41
137.29
137.10
137.68
137.17
137.29
137.83
138.44
138.08
137.92
138.05
138.16
138.58

Notes

\0
O
LA
C V J
O
O



Monitoring Wel l - 22
Top o f
casing

Pate elevation

12/19/86 170.48
1 / 3 / 8 6
1/14/86
2 / 7 / 8 6
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 6 6
6 / 1 1 / 8 6
7 / 1 5 / 8 6
8/18/36
9 / 1 8 / 8 6
10/27/86
11/28/86

Depth
to water

( f t )

32.78
32.74
32.88
32.45
32.78
33.41
32.95
31.74
31.85
32.74
32.75
32.27
32.22

Water
elevation

( M S L )

137.70
137.74
137.60
138.03
137.70
137.07
137.53
138.74
138.63
137.74
137.73
138.21
138.26

1 / 2 / 8 7

Notes

o
LA
CMoo

stage - high ground
and pad heaved up, off
by 2-3"

30,92 139.56



Monitorij>3 W e l l - 23
Top o f
casing

P£te elevation

12/19/86 168.90
1/3/86
1/14/86
2 / 7 / 8 6
3 / 2 1 / 8 6
4/24/86
5 / 9 / 8 6
6 / 1 1 / 3 6
7 / 1 5 / 8 6
8/18/86
9 / 1 8 / 8 6
10/27/86
11/28/86
1 / 2 / 8 7

Depth
to water

i f t )

31,95
31.48
31.63
31.81

NA
31.76
31.64
31.10
30.48
30.73
30.95
30.83
30.73
30.36

Water
elevation

( K S L )

136.95
137.42
137.27
137.09

—

137.14
137.26
137.80
138.42
138.17
137.95
138.07
138.17
138.54

Notes

almost out of chalk CO
O
LO
CV]
O
O



Monitoring Wel l - 24
T o p o f
casing

-Date elevation

12/19/85 168.98
1/3/86
1/14/86
2 / 7 / 8 6
3 / 3 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6/11/86
7/15/86
6/18/86
9 / 1 8 / 8 6
10/27/86
11/28/86
1/2/87

Depth
to water
_ ( f t )

31.65
31.75
31.98
31.37
31.88
31.83
31.30
30.81
31.09
31.30
31.14
30.93
30.48

Water
elevation

( M S L )

137.33
137.23
137.00
137.61
137.10
137.15
137.68
138.17
137.89
137.68
137.84
138.05
138.50

Notes

O
in
CVJ
O
O



Monitoring W e l l - 25

Date

12/13/85
1 / 3 / 8 6
1/14/86
2/7/86
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6/11/86
7/15/86
8/18/86
9 / 1 8 / 8 6
1 0 / 2 7 / 8 6
11/28/86
1 / 2 / 8 7

Jiop Of cepth
casing to water

elevation ( f t )

169.64 33. 10

32.23
32.35
32.53
NA
32.48
32.38
31.81
31.25
31.55
31.77
31.60
31.49
31.05

Water
elevation

( M S U

136.54
137.41
137.29
137.11

_
137.16
137.26
137.83
138.39
138.09
137.87
138 . 04
138.15
138.59

Notes

almost out of chalk O
t—inCMoo



Monitoring Wel l - 26
Top of
casing

£Ste elevation
12/19/85 171.24
1 / 3 / 8 6
1/14/86
2 / 7 / 8 6
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6/11/86
7/15/86
8/18/86
9/18/86
10/27/86
11/28/86
1/2/87

Depth
to water_ ea_
33.57
33.51
33.66
33.26

KA
34.17
33.74
32.57
32.64
33.26
33.28
32.84
32.85
31.69

Water
elevation
— 2£*i-_

137.67
137.73
137.58
137.98

137.07
137.50
138.67
138.60
137.98
137.96
138.40
138.39
139.55

Notes

almost of out chalk
in
CMoo



Monitoring Wel l - 27
Top of
casing

f e££ elevation
12/19/85 170.36
1/3/86
1/14/86
2/7/86
3 / 2 1 / 8 6
4 / 2 4 / 8 6
5 / 9 / 8 6
6/11/86
7 / 1 5 / 8 6
8/18/86
9/18/86
10/27/86
11/28/86
1/2/87

Depth
to water/^t_ \— IQL^

32.56
•̂  *s **• >«32.68
32.38
32.37

"I"} 11 T•33.17
32.76
31.63
31.65
*)*l £^J 2 . 4 7
*̂> j| *̂J 2 . 4 6

32.06
31.99
30.80

Water
elevation
_ (MSL)

137.80
137.68
137.98
137.99
137.19
137.60
138.73
138.71
137.89
137.90
138.30
138.37
139.56

Notes

s u l f e r odor

CM
LTV
CMo
O



Monitoring Wel l - 28
Top o f
casing

Date elevation

12/13/85 170.10
12/19/85
1/3/86
1/14/86
2/7/86
3/21/86
4/24/86
5/9/86
6/11/96
7/15/86
8/18/86
9/18/86
10/27/86
11/28/86

Depth
to water
. . ( f t )

32.53
32.53
32.44
32.53
32.20

NA
33.06
32.63
31.45
31.62
32.34
32.41
31.98
31.92

Water
elevation
... .(KSLJ

137.57
137.57
137.66
137.57
137.90

137.04
137.47
138.65
138.48
137.76
137.69
138.12
138.18

1/2/87

Notes

almost out of chalk
(T\
C\Jco

stage - high ground
antf pad heaved ups,
2-3"30.66 139.44



Monitoring W e l l - 29
Top o f
casing

S£S elevation

12/13/86 169.90
12/19/86
1/3/86
V14/86
2 / 7 / 8 6
3/21/86
4/24/86
5 / 9 / 8 6
6/11/86
7/15/86
8/18/86
9/18/86
10/27/86
11/28/86

Depth
to water
~-i£L

33.33
32.90
32.47
32.62
32.78
30.65
î > ifo*. /4
32.66
32.12
31.65
32.12
32.20
32.08
31.93

Water
elevation
— 2S1_

136.57
137.00
137.43
137.28
134.12
139.25*
137.16
137.24
1 11 *7PJL J / . /O

138.25
137.78
137.70
137.82
137.97

1/2/87 31.42 138.48

* incorrect due to apparent measuring error

Notes

LA
CM
O
O

stage » high ground
pad heaved up 2-3"



LA

A P P E N D I X 4 F
C O N F I N E D A Q U I F E RP U M P T E S T D A T A A N A L Y S I S

A N D L E A K I N G A Q U I F E R A N A L Y S I S

LPi
CM
O
O



A pump test was conducted on 1 / 4 / 8 6 u s ing the p u m p test
well and the f o u r p i e z o m e t e r s to de t ermine the h y d r a u l i c
charac t e r i s t i c s o f t h e c o n f i n e d a q u i f e r . The a q u i f e r wa s
p u m p e d at 5.5 gpm which produced 15 f e e t of drawdown in the
p u m p e d w e l l . T h i s p u m p i n g rate d id no t a d e q u a t e l y s tres s th e
a q u i f e r and the p u m p te s t was t e r m i n a t e d .

CMoo



T H E I S C U R V E S

T » Q W ( u )
4 s

S = 4Tu

W h e r e :
T = T r a n s m i s s i v i t y ( f t 2 / m i n )
Q = Dis charge ( f t 3 / m i n )
W ( u ) = W e l l f u n c t i o n
S = S t o r a g e c o e f f i c i e n t

CM
Oo

u = r±S
4 T t

r = Radiu s ( f t )
t = T i m e ( r a i n )



P R O J E C T :
S U B J E C T ; , _ ...J ^ e ^

C A L C U L A T I O N S A N D C O M P U T A T I O N S

r V
T- J. i

36.
7" V
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C O M P U T E D B Y . ' .
C H E C K E D B Y : _ _ _ _ _ D A T £

oo



C A I X U L A T I O N S A N D C O M P U T A T I O N SP R O J E C T : m

S U B J E C T : C O M P U T E D B Y ^ _ _ _ _ D A T E :
C H E C K E D 3 Y ; _ _ „ . - D A T E

V 1} (V g 7)
T- O.Mf ft*
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T h e i s Curve MW-26
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T h e i s Curve M W - 2 2
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T i m e - d r a w d o w n C a l c u l a t i o n s

264

0.3 T t,

where
T - t r a n s m i s s i v l C y ( g p d / f t )
Q = p u m p i n g r a t e ( g p r n )

A s * c h a n g e i n d r a w d o w n b e t w e e n a n y t w o l o g c y c l e s , s t r a i g h t L i n e
S a s t o r a g e c o e f f i c i e n t
t a - i n t e r c e p t a t zero d r a w d o w n ( d a y s )
r = r a d i u s o f o b s e r v a t i o n w e l l ( f t )

Cvjin
CM
Oo



Time-drawdown, MW-22

drawdown, n ( f t )



Tina-drawdown, M W - 2 6

•i

- T _ . — — — ; £.-r-=

.;"%/-

! _u % . 2 ^-T,_, -_znrr"_r - __z^z. _̂ 2̂. . .... - fc _ . t ^« _ _^_*_. ~_,

-CM
.Jn

C\J^ T T T • t -• - -::-': -: ---.^;i::^_ . . _ - . _ - t : _ -.- :-r-rrt.-..^..j:.L. •i.^rtrf^rrr——-^v •.,: f-rrrrr-r

" "1^ IT ~" ^1 II "7^ZZ ""—Z ~7~~j ~.. ._. v-I i-- *^- - — — — - - P -

10

ao-

^ - ' r M ' s u . i f . : r ' - . T T iT~.f - - - - - r - ; - | '

S^mi-Loddrl thmte10 to the inch
T — — — — q g — — — — &
drawdown - 3(1



Time-drawdown, MW-27
. --a

T — — r——r; •' < ••
. ; : i
f^^t^

l̂ r̂ :
H — n - f

_̂̂

"") ' : - f 1 : 1 - - '

f l j i -

T - _ L — — _ _ -

"~rrr-

-̂ r̂

r^M-

__ _̂ .,_̂  ^.r t- T ~-- — ur.

-H-
4-0-

TTEL
— T

rrr

^ r̂̂ rpr̂•TTT• - r r =

•«

.̂  ^ t *T T T f•̂  >;."

±JH5

"T^TTr̂ r̂ ^- ^•-•i-1^
rm

T T - -

t f f %
™

f frrrr
rrt-r=PTT^-

•ar-i-4-

•"' ; ' J ' • "
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Q » d i s c h a r g e ( g p m )
L ( u , v ) * l e a k a n c e f u n c t i o n
s = » d r a w d o w n ( f t )
S » s t o r a g e c o e f f i c i e n t
t - t i m e ( d a y s )
r » r a d i u s f r o m p u m p w e l l ( f t )
u ="
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insitu... _ P e r m e a b i l i t i e g - H o l e s were advanced and sampl ed in the
immediate v i c ini ty of three boreholes B H - 3 0 , 31 and 32, see
F i g u r e 4-A. The l o ca t ion of the boreholes were approved by the
EPA in the H y d r o g e o l o g i c I n v e s t i g a t i o n P l a n
g a l v a n i z e d p i p e was set in p l a c e , then

o inch diameter
with the d r i l l i n g

.ayer. T o t a l
d e p t h was a p p r o x i m a t e l y 23 f e e t . T h r e e in s i tu

pushed
rig a p p r o x i m a t e l y one f o o t into the upper clay

p e r m e a b i l i t i e s
( s l u g t e s t ) measurements were made in these hole s

The s l u g te s t were a l l o w e d to equ i l i bra t e for two days,
then water l e v e l s were monitored for two weeks. In si tu
p e r m e a b i l i t i e s were c a l c u l a t e d using a f a l l i n g head equation.
D e t a i l s of the c a l c u l a t i o n and con s t ruc t i on are on the
f o l l o w i n g pages .

The r e su l t s show the c lay has a low p e r m e a b i l i t y , 10~8 to
10"9 cm/ s e c . T h e s e p e r m e a b i l i t i e s should be considered a worst
case scenario because the c lay was under 20 f e e t of hydrau l i c
head pressure which is far in excess of normal c ond i t i on s .
R e s u l t s are in close agreement with laboratory re su l t s .
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ETC ENVIRONMENTALTESTING *nct CERTIFICATION

I n t r o d u c t i o n
T h i s r epor t c on ta in s the a n a l y t i c a l r e s u l t s on your soil s ampl e . 6U 8 5 / 1 2 / 1 9 . It i s d e s i g n e d toc o m p r e h e n s i v e aata f r o m the ent ire a n a l y t i c a l process m order to s a t i s f y the neeas o ff e v e ' s o f review.
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Chain of Custody Dnta Required for ETC Data Management Summary Reports
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A c i d C o m p o u n d s - G C / M S A n a l y s i s D a t a (QRO2)
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ETC TESTIMG ana CERTIFICATION

M e t h o d o l o g y
f o r

G C / M S A n a l y s i s o f P r i o r i t y P o l l u t a n t T i m p o u n d s
T h e n^thcds e m p l o y e d i n t h e G C / M S a n a l y s i s ' o r p n c r - t y c o ' i u t a n t s a r e e s t a b ' i s ^ e : : S ~ ~r r & T h c c s . R i g i d c omcnance w i t h m e i n s t r u m e n t c a ' a m e t e r s a n d p e r f o r m a n c e c r i t e r i a c * m ec u u ' i s r ^ a m e t h o d s w a s a c h i e v e d , i n some case s , t h e p r e c i s e a m o u n t s o f s a m p l e used a ° d t h es a m p l e h a n d l i n g p r o c e d u r e s v a r y w i t h t h e c o m p l e x i t y o f t « e sam^e m a t r i x . Q u a l i t a t i v ei d e n t i f i c a t i o n o f t h e p r i o r i t y p o l l u t a n t s w a s p e r f o r m e d u s i n g t h e r e l a t i v e r e t e n t i o n t i m e s , t h er e l a t i v e abundance c f three c h a r a c t e r i s t i c ions and th e abundance r a t i o s . The e n t i r e massecec tr ivn w a s r ev i ewed t o c o n f i r m each i d e n t i f i c a t i o n . Q u a n t i t a t i v e a n a l y s i s o f d e t e c t e dc o m p o u n d s w a s p e r f o r m e d b y u s ing a r e s p o n s e f a c t o r g e n e r a t e d b y a m a j o r c h a r a c t e r i s t i ci o n o f t i e s p e c i f i c c ompound a n d a n i n t e r n a l s t a n d a r d .
C o m p o u n d s , in a d d i t i o n t o tho s e on the p r i o r i t y p o l l u t a n t l i s t , were i d e n t i f i e d t h r o u g h ac c m p u t e r - a i d e d search o f t h e N B S - E D A s p e c t r a l i b r a r y . A f t e r review t h e i d e n t i f i c a t i o n s a r emciudea m a s e p a r a t e t a b u l a t i o n a n d l a b e l l e d " t e n t a t i v e l y i d e n t i f i e d " .
volatile Priority Poltuttnt C o m p o u n d *
F o r t h e a n a l y s i s o f V o l a t i l e p r i o r i t y p o l l u t a n t s i n a soil m a t r i x , a m o d i f i e d version o f E P AM e t h o d 524 was used. The m o d i f i c a t i o n can De be summarized as f o l l o w s : 1-3 gm of the sonds a m p l e a r e w e i g n e o i n t o a 1 5 m i H y p o v i a l . T h e v i a l i s s e a l e d i m m e d i a t e l y w i t h a t e f l o n - b a c h e ds i i i c o n e s e p t u m . A s o l u t i o n c o n t a i n i n g 3 i n t e r n a l s t a n d a r d s i s i n j e c t e d t h r o u g h t h e s e p t u monto the s a m p l e . The via! i s a t t a c h e d to the P u r g e and Trap s a m p l e r in s e r i e s w i t h a 5 mlo r g a n i c - f r e e water t r a p . The s a m p l e vial i s heated at 80 d egre e s C e n t i g r a d e for 20 minutes .An inert gas sweep s the v o l a t i l e organic compounds through the water t r a p onto a soroentco lumn where t h e y are t r a p p e d . W h e n the purge cyc l e i s c o m p l e t e , the sorbent column ish e a t e d a n d b a c k f i u s h e d w i t h h e l i u m t o d e s o r b t h e p u r g e a b i e o r g a n i c c o m p o u n d s on t o a g a sc h r o m a : o g r a p h t c c o l u m n . T h e g a s c h r o m a t o g r a p h i s t e m p e r a t u r e p r o g r a m m e d t o s e p a r a t e t h ep u r g e a c - e m i x t u r e . T n e s e p a r a t e d p u r g e a b i e c o m p o n e n t s a r e t h en i d e n t i f i e d a n d g u a n t i t a t e dus ing a c o m p u t e r i z e d mass s p e c t r o m e t e r .
Acid. 8*at/Neutt*l ««rf P * « / c / r f « Priority Poiluttnt Compound*
F o r t h e a n a l y s i s o f t h e A c i d . B a s e / N e u t r a l a n d P e s t i c i d e p r i o r i t y p o l l u t a n t s i n a so i l m a t r i x , am o d i f i c a * ! O n of EPA M e t h o d 625 was used. The method can be s u m m a r i z e d as f o l l o w s : A 30gm semi-wet soil s a m p l e is s o x h l e t e x t r a c t e d wi th a 1:1 m i x t u r e of acetone and hexane. Theacetone ' S t h e r m a l l y s t r i p p e d . T h e r emain ing hexane e x t r a c t i s d i l u t e d t o 2 0 0 m l w i t hm e t h y i e n e c h l o r i d e a n d t w i c e e x t r a c t e d w i t h a n aqueous N a O H s o l u t i o n f o l l o w e d b y a ne x t r a c t i o n w i t h d e i o n i z e d w a t e r . T h e m e t h y i e n e c h l o r i d e e x t r a c t i s aned a n d c o n c e n t r a t e d t oa 1 m l f i n a l volume. T h i s c o n c e n t r a t e i s i n j e c t e d i n t o a G C / M S i n s t r u m e n t c o n f i g u r e d f o r t h ea n a l y s i s o f B a s e / N e u t r a l p r i o r i t y p o l l u t a n t compounds. T h e remaining aqueous e x t r a c t s a r ecombined and the pH a d j u s t e d to a / a l u e l e s s than 2. The aqueous pha s e is s e r i a l l y e x t r a c t e dw i t h 3 a i ' M U Q t s o f m e t h y i e n e c h l o r i d e . T h e m e t h y i e n e c h l o r i d e e x t r a c t s a r e d r i e d ,c o n c e n t r a t e d t o a 1 m l f i n a l vo lume. T h e c o n c e n t r a t e i s i n j e c t e d i n t o a G C / M S i n s t r u m e n tc o n f i g u r e d f o r t h e a n a l y s t s o f a c id e x t r a c t a b i e p r i o r i t y p o l l u t a n t c o m p o u n d s .
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Summary of

Q u a l i t y A s s u r a n c e / Q u a l i t y Contro l Procedures ( Q A / Q C )

ETC bases i t s q u a l i t y assurance p r o t o c o l s on th e f o l l o w i n g government g u i a e ' m e s :
. "Handbook for A n a l y t i c a l Q u a l i t y Contro l in W a t e r and W a s t e w a t e rLaboratories", E P A - 6 0 Q / 4 - 7 9 - O I 9 . March 1979;
. N a t i o n a l Enforcement Inve s t iga t i on Center Policies, and Procedures manual;E P A - 3 3 0 / 9 / 7 9 / O O I - R . October 1979;
. the recommended guidelines for ERA M e t h o d s 624 and 625. ( F e d e r a l Regis ter,December 3.1979; updated on October 26,1934);
. "Manual of A n a l y t i c a l M e t h o d s for the A n a l y s i s of Pe s t i c id e s in Humans andEnvironmental Samples." £PA 600/8-80-038. June 1980;
. "Determinat ion of 2.3.7.8-TCDD in Soi l and Sed imen t* ERA. Region vn. K a n s a sC i t y . S e p t e m b e r 1963;
. Organic A n a l y s i s ; M u l t i - m e d i a . Mult i C o n c e n t r a t r o n - l F B W A 8 4 - A 2 6 7 ; and

A n a i y s i s : S o i l / S e d i m e n t M a t r i x ; M u l t i - C o n c e n t r a t i o n ; S e l e c t e d ' o nM o n i t o r i n g with Jar E x t r a t i o n Procedure-IPs WA84-A002
However , we have m o d i f i e d our p r o t o c o l s to provide a higher level of Q A / Q C than the g u i d e l i n e srequire. For example , we analyse a higher than required number of d u a l i t y control s a m p l e s andwe pay e s p e c i a l l y c a r e f u l a t t e n t i o n t o th e ' e r t i f i ca t i on o f th e ' r e f e r e n c e s t andard* compoundswe use m analys i s . Below are f i s t e d the key QA/QC elements for the methods we used.

\O
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A n a l y s i s o f V o l a t i l e Organic Compounds by Gas C h r o m a t o g r < p h y / M a s s S p e c t r o m e t r y

- Each batch of 13 sample s consists of 9 customer sample s (at a maximun). one blanks a m p l e , one sp iked blank, one spiked sample and one r e p l i c a t e sample. This amounts to a30% qua l i ty control factor.
- T h r e e surrogate compounds are added to each s a m p l e in the batch of 13.
- A bund q u a l i t y control sampl e is introduced to the laboratory for analys i s on a weeklybas>s.
- Each GC/MS is checked and retuned, if necessary, at the beginning of each day toensure that its p e r f o rmanc e on bromofiuorobenzene (BPB) meets the £PA criteria.
- A ca l i b ra t i on curve for quant i ta t ion is prepared using a mixture of v o l a t i l e OrganicP r i o r i t y P o l l u t a n t "standards" at a minimum of 3 d i f f e r e n t concentrations and using am i x t u r e of 3 internal s tandard s a: a constant concentration.
- The ca l ibrat ion curve is v e r i f i e d with a mixture of pr ior i ty p o l l u t a n t s t a n d a r d s everyday. if the response f a c t o r s vary greater than 25%, the instrument must b,er e c a l i b r a t e d ,

A n a l y s i s o f Organic C o m p o u n d s Ex trac t ed In Acid or B a » g / N « M t r i i S q l u l i o n a by Gat

batch of 20 s ampl e s consists of 16 customer samples (at a maximum), one blanks a m p l e , one sp iked blank ( f o r water matrices), one sampl e spiked wi th the p r i o r i t yp o l l u t a n t s tandard mixture and a d u p l i c a t e customer sample. T h i s amounts to a 20%q u a l i t y control f a c t o r .



- T h r e e s u r r o g a t e c o m p o u n d s ar e a d d e d t o each s a m p l e in th e ba t ch f or B a s e / N e u t r a la n a l y s i s .
- T h r e e s u r r o g a t e c ompounds are added to each s a m p l e in the ba t ch for A c i d a n a l y s t s .
- A b l i n d q u a l i t y control s a m p l e is in troduced to the l a b o r a t o r y for a n a l y s i s on a w e e k l ybasis.
- Each GC/MS is checked and r e t u n e d , if nece s sary, at the b e g i n n i n g of each day toensure tha t i t s p e r f o r m a n c e on d e c a f l u o r o t n p h e n y i p h o s p h i n e (DFTPP) meets t h e EPAcri t er ia .
- A c a l i b r a t i o n curve for q u a n t i i a t i o n is p r e p a r e d using a m i x t u r e of s t a n d a r d s composedof e i t h e r the Organic A c i d or B a s e / N e u t r a l E x t r a c t a b l e Compounds at a minimum of 3concentrat ions and using f i v e internal s t a n d a r d s for quani i ta t i on .

A n a l y s i s o f M e t a l s

All

- New s t a n d a r d s are p r e p a r e d for each batch of samples .
- N o r m a l c a l i b r a t i o n i s p e r f o r m e d using a b lank s a m p l e and f o u r s t a n d a r d s t h a t havebeen t h r o u g h the s a m p l e p r e p a r a t i o n p r o c e d u r e . A r e g r e s s i o n a n a l y s i s i s used tocons truc t the c a l i b r a t i o n curve.
- Ail EP T o x i c i t y s a m p l e s and ad s a m p l e s d e t ermined by f u r n a c e atomic a b s o r p t i o n arec a l c u l a t e d by the "method of a d d i t i o n s * .
- For each s a m p l e a n a l y s i s t h a t requires the u s e o f the ' m e t h o d o f a d d i t i o n s " technique,3 three point c a l i b r a t i o n i s p e r f o r m e d using U.S. EPA "Method s f or Chemical A n a l y s i s o fW a t e r and W a s t e s . 1979". R e s u l t s a r e o b t a i n e d u s i n g l i n e a r r egr e s s i on a n a l y s i s . Anyr e g r e s s i o n w i t h a c o e f f i c i e n t o f c o r r e l a t i o n b e l o w 0.990 i s cons idered suspect.n e c e s s i t a t i n g review of c a l i b r a t i o n d a t a or s a m p l e re-analys i s .
- In c on s t ruc t ing the normal c a l i b r a t i o n curves the l owe s t concentra t ion l e v e l s we useare va lue s g r e a t e r than or equal t o 5 t i ro e s th e I n s t r u m e n t a l D e t e c t i o n L i m i t (IDL).
- All c a l i b r a t i o n s t a n d a r d s are ana lyz ed in d u p l i c a t e , at a minimum,
- I n d e p e n d e n t r e f e r en c e s t a n d a r d s are used to check the accuracy of c a l i b r a t i o ns t a n d a r d s .
- A check s t andard is analyzed every ten s a m p l e s to v a l i d a t e the normal c a l i b r a t i o ncurve.
- One customer s a m p l e out of every ten is analyzed in t r i p l i c a t e .

S j m pies ( *xc«f)t^r<sr tJercur y *n»/y > ; t j
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S a m p l e s are a n a l y z e d in ba t ch e s of 30 or less. For batches in which the s a m p l e matrice sare homogeneous, the QC program is a minimum of 25% and consist s of analyzing:
- 3 s e t s of t r i p l i c a t e a n a l y s e s ;
- 2 R e p l i c a t e sp ike s ;
- 1 i n d e p e n d e n t r e f e r en c e s tandard;
- 4 c a l i b r a t i o n s t a n d a r d s (proce s s ed using the s a m p l e p r e p a r a t i o n me thod);
- 4 C a l i b r a t i o n s t a n d a r d s ( w i t h o u t s a m p l e p r e p a r a t i o n ) ; and
- J R e a g e n t B l a n k .
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$*mpl»$ (txcipt for Mtrcury 9n»lysl8)

S a m p l e s are analyzed in batches of 30 or less. For batches in which the s a m p l e matrice sare heterogeneous, the QC program is a minimum of 35% and consists of analyzing:
- 3 sets of t r i p l i c a t e analyses;
- 2 R e p l i c a t e sp ike s;
- 1 R e p l i c a t e independent reference s tandard s;
- 4 C a l i b r a t i o n s t andard s (processed using the sample p r e p a r a t i o n method);
- 1 Procedural Blank;
- A C a l i b r a t i o n s t a n d a r d s ( w i t h o u t s a m p l e p r e p a r a t i o n ) ; and
- 1 Reagent Blank.

of Mtrcury

To analyze s ampl e s for mercury we group them by matrix !n batches of 30 or less. OurOC program is a minimum of 30% and consists of analyzing:
- each of the 30 customer s a m p l e s in d u p l i c a t e ;
- 3 sets of t r i p l i c a t e anayises;
- 2 R e p l i c a t e spikes:
- 2 R e p l i c a t e independen t r e f e r enc e s tandard s;
- 10 C a l i b r a t i o n s t a n d a r d s (processed using the s a m p l e p r e p a r a t i o n method); and
- 2 Procedural Blanks,

A n a l y s i s o f P e s t i c i d e s , H e r b i c i d e s a n d P C B ' s b y G a a C h r o n u t o g r a p h y
P e s t i c i d e , herbicide and PCS s a m p l e s are grouped in batche s of 16 cus tomer s a m p l e s or l e s saccording to the t y p e of ana ly s i s to be p e r f o rmed . The QC program for each of these threet y p e s of analyses is a minimum of 20% and consists of analyzing:

- i procedural blank sampie(a reagent blank is analyzed in the case of non- watermatrices);
- i sp iked blank sampl e ( t h e sp iked blank is e l iminated in the case of non-watermatrice s);
- 1 r e p l i c a t e sampl e;
~ 1 r ep l i ca t e sp iked sample; and
- t known rafernece QC sample for at least aach 100 sample s analyzed

The instrument is cal ibrated each run with t|X*e s tandards , and checked «v«ry 10 samples.
Ana ly 3)3 .9! ..Cyanides Phf nol«, Ruorlde. Chior idg and NitrlU

- All parameter s are analyzed using a T e c K n i c o n Autoanaiyzer u GT. •
~ 3 c a l i b r a t i o n s t andard s are analyzed at the beginning and end of each batch.
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ENVIRONMENTALTESTING and CERTIFICATION

- Each b a t c h (up to 80 s a m p l e s ) c o n s i s t s of a n a l y z i n g one b l a n k , one s p i k e d b l a n k , oned u p l i c a t e and s p i k e d s a m p l e every 20 s a m p l e s , and an EPA known r e f e r e n c e s a m p l e .
A n a l y s i s o f T o t a l O r g a n i c C a r b o n ( T O G )
TOC s a m p l e s are- analyzed on a d a i l y basis w i t h the number of s a m p l e s a n a l y z e d per dayd e p e n d e n t on th e request f o r d u p l i c a t e o r q u a d r u p l i c a t e analys e s . The q u a l i t y c o n t r o l p r o g r a m i sd e s i g n e d t o m a i n t a i n the a p p r o p r i a t e amount o f QC and c on s i s t s o f th e f o l l o w i n g e l e m e n t s :

- D a i l y in s t rument c a l i b r a t i o n
- One b l a n k
- S t a n d a r d r e c a l i b r a t i o n every 10 s a m p l e s
- S p i k e d s a m p l e s at a low and h i g h l ev e l
- Every s a m p l e is run in d u p l i c a t e at a minimum

*
A n a l y s t s o f T o t a l Organic H a l l d e ( T Q X )

- B l a n k reagent water f or a b s o l u t e carbon backround must c o n t a i n l e s s t h a n 5 u g / l o fh a i i d e ( a s c h l o r i d e ) .
- U s i n g a t r i c h l o r o p h e n o i s t a n d a r d , t h e mean a d s o r p t i o n e f f i c i e n c y must b e w i t h i n + /-15% of the s tandard value.
- C a l i b r a t i o n s t a n d a r d s are run every 10 s a m p l e s .
- Every s a m p l e Is run in d u p l i c a t e at a minimum.

A n a l y s i s o t 5 .3 .7 .8-TCOD ( D l o x l n ) b y G C . / M S ( S I M )

- Each s a m p l e is dosed w i t h a known q u a n t i t y of 1 3 C j 2 - 2 . 3 . 7 , 8 ~ T C D D as i n t e r n a ls t a n d a r d a n d 3 7 d 4 _ T C D D a s s u r o g a t e s t a n d a r d . T h e a c t i o n l i m i t s f o r s u r r o g a t es t a n d a r d r e s u l t s i s +/- 40% of the true value. S a m p l e s showing s u r r o g a t e s t a n d a r dr e s u l t s o u t s i d e o f these l i m i t s are r e e x t r acted and r e a n a l y z e d .
- Two l a b o r a t o r y "method b lanks" are run a l o n g w i t h each set of 24 or f e w e r s a m p l e s ,The method b l a n k i s a l s o dosed w i t h th e i n t e r n a l s t a n d a r d and s u r r r o g a t e s t a n d a r d .
- At l e a s t one per s e t o f 24 s a m p l e s i s run In d u p l i c a t e t c d e t e r m i n e i n t r a i a b o r a t o r yprec i s i on .
- Q u a l i t a t i v e Requirement s . The f o l l o w i n g are met in order to c o n f i r m the p r e s e n c e o fn a t i v e 2 .3 .7 .8-TCDD:

a. I s o m e r s p e c i f i c i t y must b e d e m o n s t r a t e d in i t ia l ly and v e r i f i e d once per 8-hourwork s h i f t . T h e v e r i f i c a t i o n c ons i s t s o f i n j e c t i n g a m i x t u r e c o n t a i n i n g T C D D isomerswhich e l u t e c lo se t o 2 . 3 , 7 , 8 - T C D D . The 2.3.7,8-TCDO musi b e s e p a r a t e d f r o mi n t e r f e r i n g isomers. w i t h no more than 25% v a l l e y r e l a t i v e to the 2 , 3 . 7 , 8 - T C D D peak.
b. The 3 2 0 / 3 2 2 r a t i o is w i t h i n the range of 0.67 to 0.87.
c. I o n s 320. 322, and 257 are all pr e s en t and maximize t o g e t h e r the s i g n a l to meannoise r a t i o must be 2.5 to 1 or b e t t e r far all 3 ions.
d. The r e t e n t i o n t ime i s equal ( w i t h i n 3 s e c ond s) the r e t e n t i o n time for thei s o t o p i c a i l y l a b e l e d 2.3.7.8-TCOD.
«. At l e a s t one of the p o s i t i v e s can be c o n f i r m e d by o b t a i n i n g p a r t i a l scan s p e c t r af r o m ma%s 150 to mass 350. The p a r t i a l scan g u i d e l i n e s are a s f o l l o w s :

i tn «i w
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- the 3 2 0 / 3 2 4 r a t i o S h o u l d be 1.58 +/- 0.16
. the 2 5 7 / 2 5 9 ra t i o s hou ld be 103 +/- 0.10
. the 194/196 r a t i o S h o u l d be 1.54 +/- 0.15

- One s a m p l e is sp iked wi th native 2.3.7.8-TCOD at a level of 1.0 PPB (for s o i l ) for eachset of 24 or f e w e r s a m p i e s .
- in cases where no n a t i v e 2 .3 .7 ,8-TCDD is d e t e c t e d , the a c t u a l d e t e c t i o n limit ise s t imated and repor t ed based on a s ignal to noise rat io of 2.5 to 1 at ions 320 and322.
- For each s a m p l e , the in t e rna l s t a n d a r d is pre s ent w i t h at l ea s t a 10 to 1 s i g n a l to noiser a t i o for bo th mass 332 and mass 334. A l s o , the in t e rna l s t a n d a r d 3 3 2 / 3 3 4 r a t i o mustbe w i t h i n the range of 0.67 to 0.87.

S u b c o n t r a c t o r Q A / Q C ,
Each s u b c o n t r a c t o e r i s required to m a i n t a i n an a p p r o p r i a t e l ev e l o f q u a l i t y c o n t r o l . To insuret h i s , each s u b c o n t r a c t o r i s required t o submit t o E T C t h e q u a l i t y c on tro l d a t a f o r a l l a n a l y s e s i tp e r f o r m s . T h i s d a t a i s k e p t o n f i l e a t E T C . I n g e n e r a l , t h e amount o f q u a l i t y c o n t r o l r equ ir ed i sone d u p l i c a t e s a m p l e w i t h one s p i k e d s a m p l e f o r every t en a n a l y s e s .

C h a j n - o f - C u & « Q d y

T h e c h a i n - o f - c u s t o d y pro c edure I s p a r t o f o u r q u a l i t y assurance p r o t o c o l . W e b e l i e v e o u rc h a m - o f - c u s t o d y record f u l l y c o m p l i e s w i t h t h e l e g a l requirements o f f e d e r a l , s t a t e a n d l o c a lgovernment agenc i e s and o f the c our t s o f l aw. The record covers:
- l a b e l i n g o f s a m p l e b o t t l e s , p a c k i n g t h e S a m p l e S h u t t l e a n d t r a n s f e r r i n g t h e S h u t t l eunder seal to the c u s t o d y of a s h i p p e r ;
- o u t g o i n g s h i p p i n g m a n i f e s t s ;
- t h e c h a i n - o f - c u s t o d y f o r m c o m p l e t e d b y t h e p e r s o n ( s ) b r e a k i n g t h e S h u t t l e s e a l ,t a k i n g the sampl e , reseating the S h u t t l e and t r a n s f e r r i n g cus tody to a s h i p p e r ;
- i n c o m i n g s h i p p i n g m a n i f e s t s ;
- b r e a k i n g t h e S h u t t l e ' s re seai;
- s t o r i n g each l a b e l e d s a m p l e b o t t l e in a secured area;
- d i s p o s i t i o n of each s a m p l e to an a n a l y s t or t e c h n i c i a n ; and
- the u se o f the s a m p l e in each b o t t l e in a t e s t i n g p r o c e d u r e a p p r o p r i a t e to the i n t e n d e dp u r p o s e o f t h e s a m p l e .

T h e records show f o r each l i n k i n t h i s proce s s:
- the person wi th c u s t o d y ; and
- the time and d a t e each person accepted or relinquished custody.
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ENVIRONMENT AL
TESTING »n<3 CERTIFICATION

A p p e n d i x A
M a s s S p e c t r a l D a t a

f o r
Q u a n t l t a t e d C o m p o u n d s

1 ) A t o t a l i o n c h r o m a t o g r a m f o r each s a m p l e a n a l y z e d b y a G C / M Si n s t r u m e n t .
2) A Q u a n t , r e p o r t used by the a n a l y s t t o d e t e r m i n e q u a l i t a t i v e andq u a n t i t a t i v e r e s u l t s o f t h e c o m p o u n d s p r e s e n t .
3) A mass s p e c t r u m and a r e f e r e n c e s p e c t r u m for each p r i o r i t yp o l l u t a n t c o m p o u n d d e t e c t e d i n t h e s a m p l e .
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ETC ENVIRONMENTALTESTING » / ) d CERTIFICATION

A p p e n d i x E
C h a l n - o f C u s t o d y F o r m s

1 ) A f i e l d C h a i n - o f - C u s t o d y f o r m ( C C 1 ) i s i n c l u d e d f o r a l l s a m p l e ss h i p p e d b y E T C s h u t t l e .
2 ) A n in-house s a m p l e C h a m - o f C u s t o d y f o r m i s i n c l u d e d f o r a l ls a m p l e s n o t s h i p p e d b y E T C s h u t t l e .
3) Any a d d i t i o n a l C h a m - o f - C u s t o d y m a t e r i a l p r o v i d e d by a c l i e n t o rt > y a c l i e n t ' s s a m p l i n g agen t i s a l s o i n c l u d e d .
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5 ) A n a l y s i s a n d E x t r a c t i o n C u s t o d y f o r m s a r e i n c l u d e d f o r t h ep e r i o d t h e s a m p l e w a s m E T C ' s po s s e s s i on .

o
vO
C\J
O
O



CHAIN OF CUSTODY FORM (CC1) O a t e S e a t e d
F a c i l i t y / S i t e :

RTCHMOMb
A t l n . :
Phone:

T T T A /

1 S A M P L E I D E N T I F I C A T I O N
F a c i l i t y : l
S a m p l e P o i n t :

I N * .
S O w ' C « Co«t
wen <w* Ou">n fOt
S o > ' ) S ' f l i v 4 r / 9 " U ' * I " )

j6»<WW *»«•<• **«i ft>«I I t I I I | ( | |%|5l /|JI / |71 I I I I I I I I I
»gg- ft**** *»•»( (0 Sir* 0*t* ~ * * " ' • « . (<cpwa -Ov'*

( f ) L M C W * Cwnciio^ S y o f C )

S H U T T L E C O N T E N T S
B O T T L E

N o
/Z

4

T y p «ff

-

S U 0
52^3/«L.

?̂mL

~tt9t9i*.
f i f t £ £ ^ >S4££D

AN Amis
ExTKfiC-TABLE
VOA

S A M P L E Rr w i T f r t J O&««nrit lo f l» LABO b a t n r f t l o n s o
p^ ^
*"-" vO

(M
O

» O

C H A I N O f C U S T O D Y C H R O N I C L E
S h u t t l e Opened By: ( p r i n t )
S i g n a t u r e ; £2 Date:

Seai«:
Time:
I n t a c t : / « j

i S , — — f r l . ••... . .-. . - . T i — — — — — — • — — — — —I f have received these materials in good condit ion f r o m th* above person.
2 j Name: S i g n a t u r e :

! Date: T i m e ;
l have received these ma t e r ia l s in good c o n d i t i o n f r o m the above person.
N a m e : S i g n a t u r e :
Date: -Time:

i Shuttle Sea.(*0! Signature: ' D a t e

E T C U S E O N t V
CondMiOfi:



*W Cr*fV)C4n0N
PARAMETER FORM (CC2)

E T C J O B t
S a m p l a Point LJ Lj

l t f i i I L F I E L D PROCEDURES
-L-jJ I I I I I I I I I I iw*r|it vo*.

S A M P U N G M E T H O D :
S a m p t « r T y p «

. »- . ^ .t IS « m p l a r M « t « r i « l [ _ _ j
T u b J n f l M a t t r t f t l j _ _ j
S a m p l a C o m p o a i t a d I Y/N I

owe
X-Otft*

X - O t f t w
X-Oth*

W « I I E I a v c t f o n ( f t / m a f )
D a p t h to Ground water (ft)
Grourx jwa tar E I t v a t l o n (f t ma l)

F H E I O M E A S U R E M E N T SL I M i l l! I I I 1 I II I I ! I I
W a l l D « p t h ( f t ) 1
S a m p l e D«pth (non-w«ll) ( f t ) C\J

Oo

lat ** i.t LLJ-U
2nd I—L

•tare

3rd •" M i l l I
4th I I I I *ro 4th I I I Iv

L l - L l J ™ t I I I II I I I

J LI. I I I I L
J I
J L_L I i J I
J l - . l i I I l

F I E L D C O M M E M T S
W M t l w r Condition*:^
Oth«r

FILTERING: Us* Chain @f Custody <CC1) So I n d l e a t t which bottle* ware f l t t t r a d

t c e r t i f y that s a m p l i n g procedures wcra in aceord*nc« with a p p l l c e o l a EPA atate end eorporat* protocol s .
/ -= /^?^- / ? / ? ^7 2 . / / f / y - >- " u — — s — — ^ 7 7



L A B O R A T O R Y C H R O N I C L E : G C - M S D e p a r t m e n t
D A T E S H I F T

- F R A C T I O N .I N S T R U M E N T
T U N E

.A
P I L E

I D F I L E _ _A N A L Y S T ( S )î̂ -L^
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ETC ENVIRONMENTALTEST/NO *nt* CSftTIF/CAT/ON

I n t r o d u c t i o n
T h i s r epor t contains the a n a l y t i c a l r e su l t s on your soil s a m p l e , BL2 8 5 / 1 2 / 1 9 , It i s de s igned toinctuae comprehensive d a t a f r o m the entire a n a l y t i c a l proces s in order to s a t i s f y the needs ofvarious l eve i s of review.
T h e r e s u l t s o b t a i n e d f r o m your s a m p l e a r e p r e s e n t e d i n t a b u l a r f o r m a t i m m e d i a t e l y f o l l o w i n gthis in troduc t i on . Q u a l i t y assurance d a t a i s t a b u l a t e d a long w i t h th e a p p r o p r i a t e s a m p l er e s u l t s for v e r i f i c a t i o n . D e p e n d i n g on the ana ly s e s oraered. the q u a l i t y assurance d a t a may-include r e s u l t s f r o m blank, sp iked b l a n k , s p ik ed s a m p l e (i . e . ma tr i x s p i k e ) and r e p l i c a t e sampl ea s wel l a s r e s u l t s f r o m s u r r o g a t e compound ana ly s e s . Q u a l i t y a s surance d a t a f o r v e r i f i c a t i o no f p r o p e r in s t rument p e r f o r m a n c e i s al so i n c l u d e d where a p p r o p r i a t e . The r epor t a p p e n d i c e sinc lude the chain of cu s t ody record for your s a m p l e and, where a p p r o p r i a t e , the gaschroma tograms and mass spec tra.
T h e p r o c e d u r e s used i n t h e a n a l y s i s o f t h e s a m p l e a r e d e s c r i b e d i n t h i s r e p o r t ' s m e t h o d o l o g ysection. All a n a l y t i c a l procedure s w i th in our l a b o r a t o r y are p e r f o r m e d w i th in a s t r i c t l ye n f o r c e d Q u a l i t y Assurance Protoco l . A d e s c r i p t i o n of t h i s Protocol i s in c lud ed in the r epor t .

R e s u l t s
S a m p l e r e s u l t s , and a s s o c i a t e d q u a l i t y assurance d a t a , are a l w a y s t a b u l a t e d in one or moreo f th i s r e p o r t ' s Q u a n t i t a t i v e R e s u l t s T a b l e s . T h e f o r m a t o f each t a o l e varies w i t h t h e c lasso f a n a l y s i s .
Priority Pollutant*
T h e p r i o r i t y p o l l u t a n t compounds a n d e l ement s a r e l i s t e d wi th their N P D E S ( N a t i o n a l P o l l u t i o nDischarge E l i m i n a t i o n S y s t e m ) numbers, and th e M e t h o d D e t e c t i o n Limi t (MOD p u b l i s h e d in th eF e d e r a l R e g i s t e r . W h e n a compound or e l e m e n t i s pre s ent b e l o w i t s p u b l i s h e d MDL i t i sr e p o r t e d as BMDL ( B e l o w M e t h o d D e t e c t i o n L i m i t ) . When a compound or e l ement is notpre s ent at any d e t e c t a b l e c o n c e n t r a t i o n s i t i s r e p o r t e d as NO (Not D e t e c t e d ) . M D L : s f ornon-aqueous matrices are based on USEPA p u b l i s h e d MDL's bu t are a d j u s t e d a s p er s a m p l ew e i g h t . M a t r i x s p i k e a n d r e p l i c a t e a n a l y s e s , where i n c l u d e d , were p e r f o r m e d o n s a m p l e sranoomly chosen w i t h i n each q u a l i t y assurance ba t ch and are t h e r e f o r e not n e c e s s a r i l ysp ik e s a n d recreates o f th i s r e p o r t ' s s a m p f e . S u r r o g a t e compound recovery d a t a a n dins trument c a l i b r a t i o n d a t a are i n c l u d e d in the M e t h o d P e r f o r m a n c e D a t a T a b l e s .
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ENVtftONMENTAL—— • gZj{, TESTING and Cf RTtFICATfOK " '"""*
JAN 7. 1986

T A B L E 1 : Q U A N T I T A T I V E R E S U L T S a n d Q U A L I T Y A S S U R A N C E D A T A
V o l a t i l e C o m p o u n d s - G C / M S A n a l y s i s D a t a ( Q R 0 1 )

C h a f n of Cus tody Data Required for ETC Data Management Summary Reports
K 8 4 8 4 RESOURCE E N G I N E E R I N G R E S 2 8 8 0 4 B L 2 P 5 F 2 1 9

ETC S»*ol* Nb, Cv*Q*ny P » c i I H y 5*""01̂  P o i n t Q«t* Tim* w^u*s
I

N P D E SN u m b e r C o m p o u n d
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A c i d C o m p o u n d s - G C / M S A n a l y s i s Data (QR02)

Cha<n of Custody Data Required for ETC Data Management Summary Repor t s
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B A S E / N E U T R A L COMPOUNDS - G C / M S ANALYSIS DATA (QR03)
Chatn of Custody Data Required for ETC Data Management Summary Reports
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B A S E / N E U T R A L C O M P O U N D S - G C / M S A N A L Y S I S D A T A ( O R 0 3 )
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T A B L E 2 : M E T H O D P E R F O R M A N C E D A T A

S u r r o g a t e Recovery S o i l - GC/MS Data (OR20)
C f t a t a of Custody DA ft Required for ETC Data Management Summary Reports
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M e t h o d o l o g y

f o r
G C / M S A n a l y s i s o f P r i o r i t y P o l l u t a n t C o m p o u n d s

e m p l o y e d » n t h e G C / M S a ^ a ' y s i s f o r p r i o r i t y p o l l u t a n t s a r e e s t a u i i s h f e . n £ P Af i ' 9 ' d c o m p l i a n c e w i t h t h e i n s t r u m e n t p a r a m e t e r s a n d p e r f o r m a n c e c r i t e r i a o f t h em e t h o d s was a c h i e v e d , in some cases, the prec i s e amounts of s a m p l e used ana the' f r h a n d l i n g p r o c e d u r e s v a r y w i t h t h e c o m p l e x i t y o f t h e s a m p l e matr i x . Q u a l i t a t i v ei ' - c a t i o n o f t h e p r i o r i t y p o l l u t a n t s w a s p e r f o r m e d using t h e r e l a t i v e r e t e n t i o n t imes, t h ei * e a b u n d a n c e o f t h r e e C h a r a c t e r i s t i c ions a n a t h e aounaance r a t i o s . T h e e n t i r e masst ' - j m w a s reviewed t o c o n f i r m each i d e n t i f i c a t i o n . Q u a n t i t a t i v e a n a l y s i s o f d e t e c t e dc o m p c j n d s was p e r f o r m e d by using a r e sponse f a c t o r g e n e r a t e d by a m a j o r c h a r a c t e r i s t i cton of :ne s p e c i f i c compound and an in t ernal s t a n d a r d ,
C o m p o u n d s , in a d d i t i o n to those on the p r i o r i t y p o l l u t a n t l i s t , were i d e n t i f i e d t hrough ac o m c ' - : e r ~ a ' d e d search o f t h e N B S - E P A s p e c t r a l i b r a r y . A f t e r review t h e i d e n t i f i c a t i o n s a r em a s e p a r a t e t a b u i a t ' o n a n c laoened " t e n t a t i v e l y i d e n t i f i e d " .

Priority Polluttnt COfneounat
For the a n a l y s i s o f v o l a t i l e p r i o r i t y p o l l u t a n t s rn a s on m a t r i x , a m o d i f i e d version o f EPA624 was used. The modif icat 'Cn can be De summarized as f o l l o w s : 1-3 gm of the so' idare w e i g h e d mto a iS mi H y p o v ia i . The via l i s s e a l e d i m m e d i a t e l y w i t h a t e f l o n - b a c k e ds i l i c on s s e p t u m . A s o l u t i o n c o n t a i n i n g 3 in t ernal s t a n d a r d s i s i n j e c t e d t hrough the s e p t u monto tne s a m p l e . The v ia l i s a t t a c h e d to the Purge and Trap s a m p l e r in series w t t h a 5 mlorganic- tre e water t r a p . The s a m p l e vial is heated at 80 degrees C e n t i g r a d e for 20 minutes.An iner t ga s swe ep s the v o l a t i l e o r g a n i c c o m p o u n d s t h r o u g h the wat er t r a p onto a sorbentcolumn where t h e y are t r a p p e d . W h e n the purge c y c l e is c o m p l e t e , the sorbent column ish ea t ed and b a c k f i u s h e d w i t h h e l i u m to de sorb the p u r g e a b i e organic compounds onto a gaschroma t c g r a p h i c column. The gas c h r o m a t o g r a p h i s t e m p e r a t u r e programmed to s e p a r a t e thep u r g e a b ' e m i x t u r e . T h e s e p a r a t e d p u r g e a b i e c omponen t s a r e then i d e n t i f i e d a n d q u a n t i t a t e dusing a c o m p u t e r i z e d mass s p e c t r o m e t e r
AGiti. 8iSt/N9utr*t *nd Ptstidd* Priority Pollutant C o / n p o u / i r f t
For the a n a l y s i s o f the A c i d . B a s e / N e u t r a l and P e s t i c i d e p r i o r i t y p o l l u t a n t s in a soil m a t r i x , amod'f 'cat icn of EPA M e t h o d 625 was used. The method can be summarized as f o l l o w s : A 30gm semi-wet soil s ampl e is s oxhie t e x t r a c t e d w i th a 1:1 mix ture of acetone and hexane. Theacetone ts t h e r m a l l y s t r i p p e d . The remaining hexane e x t ra c t i s d i l u t e d to 200 mi w i t hm e t h y i e n e c h l o r i d e and twice e x t r a c t e d w i th an aqueous NaOH s o l u t i o n f o l l o w e d by ane x t r a c t i o n w i th d e i on iz ed water. The m e t h y i e n e ch l or id e e x t r a c t i s dried and c o n c e n t r a t e d toa I ml f i n a l volume. T h i s c oncentra t e i s i n j e c t e d into a GC/MS instrument c o n f i g u r e d for thea n a l y s t s o f B a s e / N e u t r a l p r i o r i t y p o l l u t a n t compounds. The remaining aqueous e x t r a c t s ar ecombined and the pH a d j u s t e d to a value f e s s than 2. The aqueous phase is s e r i a l l y e x t r a c t e dwith 3 a ' tQuo t s o f me thy i ene ch lor ide . The methyiene ch lor ide e x t r a c t s a r e doed ,c o n c e n t r a t e d to a 1 ml f t n a i volume. The c o n c e n t r a t e i s i n j e c t e d into a GC/MS instrumentf o r t h e a n a l y s i s o f acid e x t r a c t a b i e p r i o r i t y p o l l u t a n t compounds,
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Summary of
Q u a l i t y A s s u r a n c e / Q u a l i t y Contro l Procedures ( Q A / Q C )

ETC bases i t s q u a l i t y assurance p r o t o c o l s on the f o l l o w i n g government guidel ines:
. "Handbook for A n a l y t i c a l Q u a l i t y Contro l in W a t e r and W a s t e w a t e rLaboratories", EPA-600/4-79-019, March 1079;
. N a t i o n a l Enfor c ement I n v e s t i g a t i o n Center Pol i c i e s , and Procedures manual;E P A - 3 3 0 / 9 / 7 9 / O O i - t t . October 1979.
. the recommended guide l ine s for EPA M e t h o d s 624 and 62S. ( F e d e r a l Register.December 3.19^9; upda t ed on October 26.1964);
. "Manual o f A n a l y t i c a l M e t h o d s for the A n a l y s i s o f P e s t i c i d e s in Humans andEnvironmental S a m p l e s , " EPA 600/6-60-038. June 1960;
, "Determination of 2.37.6-TCDD in Soi l and Sediment" EPA. Region VII, K a n s a sC i t y . S e p t e m b e r 1963.
. Organic A n a l y s i s : M u l t i - m e d i a . M u l t i C o n c e n t r a t i o n - I F S W A 6 4 - A 2 6 7 ; and
. Dioxm A n a l y s i S ' S o i l / S e d i m e n t M a t r i x , M u l t i - C o n c e n t r a t i o n ; S e l e c t e d I o nMonitoring w i t h Jar Extrat ion Procedure- lFB WA64-A002

H o w e v e r , we have m o d i f i e d our p r o t o c o l s to prov id e a higher level of Q A / Q C than the g u i d e l i n e srequire. For e x a m p l e , we analyze a higher than required number of q u a l i t y control s a m p l e s andwe pay e s p e c i a l l y c a r e f u l a t t e n t i o n to the c e r t i f i c a t i o n of the "reference s tandard" compoundswe use m ana ly s i s . Below are l i s t e d the key Q A / Q C elements for the methods we used.
A n a l y s i s o f V o l a t i l e Organic; .Compounds b y ( U s C h r o m a t o f l r a p h y / M a s s S p _ * c t r o m e t r y

- Each batch of 13 sample s consists of 9 customer sample s (at a maximun). one blanksample , one sp iked blank, one spiked sample end one r e p l i c a t e sample. T h i s amounts to a30% q u a l i t y control f a c t o r .
- T h r e e surrogate compounds are added to each sample in ihe batch of 13.
- A bl ind q u a l i t y control s a m p l e is introduced to the l a b o r a t o r y for analys i s on a weeklybasis.
- Each G C / M S is checked and retuned. if necessary, at the beginning of each day toensure that its p e r f o r m a n c e on bromofluorobenzene (BFB) meets the EPA criteria.
- A c a l i b r a t i o n curve for q u a n t i t a t i o n is p r e p a r e d using a mixture of V o l a t i l e OrganicP r i o r i t y P o l l u t a n t " s tandards" at a minimum of 3 d i f f e r e n t concentrations and using amixture of 3 internal s t a n d a r d s at a constant concentration.
- The c a l i b r a t i o n curve is v e r i f i e d with a mixture of p r i o r i t y p o l l u t a n t s tandards everyday. if the response f a c t o r s vary greater than 25%, the instrument must bere ca l i bra t ed .

A n a l y s i s of Organic C o m p o u n d s Ex trac t ed >n AGIO or B a s e / N e u t r a l S o l u t i o n s by Gas^iginiif^j^£yZMASA^R£.'tifojnl£ir^ ' •j.-.'~-i~-~~v • •
- Eacn batch of 20 s a m p l e s consi s t s of 16 customer s a m p l e s (at a maximum), one blanksample , one spiked blank ( f o r water matrices), one s a m p l e spiked with the p r i o r i t yp o l l u t a n t s tandard mix tur e and a d u p l i c a t e customer sample. T h i s amount^ to a 20%q u a l i t y control f a c t o r . _, ,, -( • . . , ,
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ETC ^NVIHONMSNTALr e s r / w c »nd CERTIFICATION
- T h r e e s u r r o g a t e c o m p o u n d s are a d d e d t o each s a m p l e in th e ba t ch f or B a s e / N e u t r a lanalys i s .
- T h r e e s u r r o g a t e c o m p o u n d s a r e a d d e d t o each s a m p l e m t h e b a t c h f o r A c i d a n a l y s i s .
- A b l i n d Q u a l i t y c on t ro l s a m p l e i s i n t r o d u c e d to the l a b o r a t o r y for a n a l y s i s on a week lybasis.
- Each GC/MS is checked and r e tuned . i f nece s sary, at the b e g i n n i n g o f each day toensure t h a t i t s p e r f o r m a n c e o n d e c a f i u o r o t n p h e n y i p h o s p h m e ( D F T P P ) mee t s t h e E R Acriteria.
- A c a l i b r a t i o n curve for q u a n t i t a t i o n i s p r e p a r e d using a m i x t u r e of s t a n d a r d s composedof e i ther the Organic Acid or B a s e / N e u t r a l E x t r a c t a b i e Compounds at a minimum of 3c o n c e n t r a t i o n s a n d u s ing f i v e i n t e r n a l s t a n d a r d s f o r q u a n t i t a t i o n .

A n a l y s i s o f M e t a l a
AH S»mpl*i

- New s t a n d a r d s are p r e p a r e d f or each batch o f s a m p l e s .
- N o r m a l c a l i b r a t i o n i s p e r f o r m e d us ing a b l a n k s a m p l e a n d f o u r s t a n d a r d s t h a t haveteen through the s a m p l e p r e p a r a t i o n procedure. A regre s s i on a n a l y s i s is used toc o n s t r u c t t h e c a l i b r a t i o n curve.
- All EP T o x i c i t y s a m p l e s and all s a m p l e s determined by f u r n a c e atomic a b s o r p t i o n arec a l c u l a t e d by the "method of a d d i t i o n s " .
- For each s a m p l e a n a l y s i s that requires the use of the "method of a d d i t i o n s " technique.a t h r e e p o i n t c a l i b r a t i o n i s p e r f o r m e d u s ing U . S . E P A " M e t h o d s f o r C h e m i c a l A n a l y s i s o fW a t e r and W a s t e s . 1979". R e s u l t s are obtained using l i n e a r r e g r e s s i o n a n a l y s i s . Anyregression wi th a c o e f f i c i e n t of c orre la t i on below 0 990 is considered s u s p e c t ,n e c e s s i t a t i n g review o f c a l i b r a t i o n d a t a o r s a m p l e r e - a n a l y s i s .
- In c o n s t r u c t i n g the normal c a l i b r a t i o n curves the l owe s t c onc en tra t i on l e v e l s we useare va lu e s g r e a t e r than or equal to 5 t imes the I n s t r u m e n t a l D e t e c t i o n L i m i t ODD,
- All c a l i b r a t i o n s t a n d a r d s are a n a l y z e d tn d u p l i c a t e , a t a minimum.
- i n d e p e n d e n t r e f e r e n c e s t a n d a r d s are used to check the accuracy of c a l i b r a t i o ns t a n d a r d s .
- A check s t a n d a r d is analyzed every ten s a m p l e s to v a l i d a t e the normal c a l i b r a t i o ncurve.
- One customer s a m p l e out of every ten is a n a l y z e d in t r i p l i c a t e .

r Mercury

S a m p l e s are analyzed in batches of 30 or less. For batches in which the sampl e matricesare homogeneous, the QC p r o g r a m Is a minimum of 25% and con s i s t s of a n a l y z i n g :
- 3 sets of t r i p l i c a t e analyse s;
- 2 R e p l i c a t e spikes;
- 1 i n d e p e n d e n t r e f e r e n c e s t a n d a r d ;
- 4 C a l i b r a t i o n s t a n d a r d s ( p r o c e s s e d us ing th e s a m p l e p r e p a r a t i o n m e t h o d ) ;
- 4 C a l i b r a t i o n s t a n d a r d s ( w i t h o u t s a m p l e p r e p a r a t i o n ) ; and
- 1 Reagent Blank.
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S a m p l e s are a n a l y z e d in b a t c h e s o f 30 or l e s s . For b a t c h e s in which the s a m p l e m a t r i c e sare h e t e r o g e n e o u s , the OC p r o g r a m is a minimum of 35% and c o n s i s t s of a n a l y z i n g :
- 3 sets of t r i p l i c a t e analyses.
- 2 R e p n c a t e s p i k e s ;
- 1 R e p l i c a t e ind ep enden t r e f e r e n c e s t a n d a r d s ;
- 4 C a l i b r a t i o n s t a n d a r d s (proc e s s ed us ing the s a m p l e p r e p a r a t i o n m e t h o d ) ;
- 1 P r o c e d u r a l B l a n k ;
- 4 C a l i b r a t i o n s t a n d a r d s ( w i t h o u t s a m p l e p r e p a r a t i o n ) ; and
- 1 R e a g e n t B l a n k .
A f t * / / ! / ' <

To a n a l y z e s a m p l e s for mercury we group them by matr ix in batches of 30 or less. OurOC program is a minimum of 30% and consis t s of a n a l y z i n g :
- each of the 30 cu s t omer s a m p l e s in d u p l i c a t e ;
- 3 s e t s of t r i p l i c a t e anayl s e s ;
- 2 R e p l i c a t e s p i k e s ;
- 2 R e p l i c a t e i n d e p e n d e n t r e f e r e n c e s t a n d a r d s ;
- 1O C a l i b r a t i o n s t a n d a r d s (proces sed using the sample p r e p a r a t i o n me thod); and
- 2 P r o c e d u r a l B l a n k s .

A n a l y s i s o f P c s t l c l d i B S . H e r b l c k J s s a n d _ P C B ' s b y _ G a s C h r o m a t g g r a p h y
P e s t i c i d e , h e r b i c i d e and PCB s a m p l e s are grouped in batches of 16 customer s a m p l e s or le s sa c cord ing to the t y p e of a n a l y s i s to be p e r f o r m e d . The QC program for each of these threet y p e s of analyse s Is a minimum of 20% and consists of analyz ing:

- 1 p r o c e d u r a l b l a n k s a m p i e ( a r eagen t b l a n k i s a n a l y z e d in the case of non-watermatrices).
- 1 s p i k e d b l a n k s a m p l e (the s p i k e d b l a n k i s e l i m i n a t e d in the case of non-waterm a t r i c e s ) ;
- i r e p l i c a t e s ampl e;
- 1 r e p l i c a t e s p i k e d s a m p l e ; and
- 1 known r e f e r n e c e OC s a m p l e for at (ea s t each 100 sampl e s ana lyzed .

The ins trument is c a l i b r a t e d each run with three s tandards , and checked every to samples .
A n a l y s i s o f C y a n i d e s , Phenol s , f l u o r t d c . Chloride^ N i t r a t g a n d N i t r i t e

- A l l p a r a m e t e r s a r e a n a l y z e d u s ing a T e c h n i c o n A u t o a n a l y z e r l l G T .
- 3 c a l i b r a t i o n s t a n d a r d s are analyzed at the beginning and end of each batch.
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- Each ba t ch (up to 80 s a m p l e s ) consists of a n a l y z i n g one b lank, one sp ik ed b l a n k , oned u p l i c a t e and s p i x o d s a m p l e every 20 s a m p l e s , and an EPA known r e f e r e n c e s a m p l e ,
A n a i y s i s _ o f _ T o t a i Organic Carbon ( T O O )
TOG s a m p l e s are a n a l y z e d on a d a i l y basis w i t h the number of s a m p l e s a n a l y z e d per dayd e p e n d e n t on th e request f o r d u p l i c a t e o r q u a d r u p l i c a t e analyse s . The q u a l i t y c on tro l program i sdes igned to maintain the a p p r o p r i a t e amount of QC and cons i s t s of the f o l l o w i n g e l ement s:

f D a i l y instrument ca l ibra t ion
- One b l a n k
- S t a n d a r d r e c - 3 ' ? 0 r a t i o n every X) sample s
- S p i k e d s a m p l e s at a low and high ie^ei
- Every s a m p l e is run in d u p l i c a t e al a minimum

*
A n a l y s i s o f T P t a L Q r g a n i c H a t i d e ( T O X )

- Blank reagent water for ab so lu t e carbon backround must contain le s s than 5 u g / i ofhaiide (as ch lor ide).
- U s i n g a t r i c h l o r o p h e n o ! s t a n d a r d , the mean a d s o r p t i o n e f f i c i e n c y must b e w i t h i n +/-15% of the s tandard value.
- C a l i b r a t i o n s tandards are run every 10 sampl e s .
- Every s a m p l e is run in d u p l i c a t e at a minimum.

A n a l y s i s o f 2 .3,7.6-TCDD ( O l q x l n ) b y G C / M S ( S I M )

- Each sampl e is dosed w i th a known q u a n t i t y of l 3Ci2-2,3.7.6-TCDD as int ernals tandaro and 3 7 C l 4 - T C D D as surogate s tandard . Tfie action l i m i t s f or surrogates t a n d a r d r e s u l t s is +/- 40% of the true value. S a m p l e s showing surroga t e s t a n d a r dr e s u l t s o u t s i d e o f the s e l i m i t s are r e e x t r a c t e d and reanalyzed.
- Two laboratory "method blanks* are run along with each set of 24 or f ewer sample s .The method blank is a l so dosed wi th the internal standard and surrrogate s tandard.
- At l e a s t one per set of 24 s a m p l e s is run In d u p l i c a t e to determine i n t r a i a b o r a t o r yprecision.
- Q u a l i t a t i v e Requirements. The f o l l o w i n g are met in order to c on f i rm the presence ofnative 2.3.7.6-TCDD:

a. Isomer s p e c i f i c i t y must be demons trat ed i n i t i a l l y and v e r i f i e d once per 8-hourwork s h i f t . The v e r i f i c a t i o n consis t s o f i n j e c t i n g a mixture containing TCDO isomerswhich e l u t e close to 2,3.7,8-TCDD. The 2.3.7.8-TCDO must be s e p a r a t e d f r o mI n t e r f e r i n g I s o m e r s , with no more than 25% v a l l e y r e l a t i v e to the 2.3.7.8-TCDD peak.
b. The 320/322 rat io is within the range of 0.67 to 0.67.
c. Ions 320. 322, and 257 are ail present and maximize together the signal to meannoise ratio must be 2.5 to 1 or b e t t e r for all 3 ions.
d. The re t ent ion time is equal (within 3 seconds) the retention time for thei s o t o p i c a i i y lab e l ed 2.3,7.6-TCOO.
e. At ( e a s t one of the p o s i t i v e s can be c o n f i r m e d by ob ta in ing p a r t i a l scan s p e c t r af r o m mass 150 to mass 350, The p a r t i a l scan g u i d e l i n e s are as f o l l o w s :
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. the 3 2 0 / 3 2 4 r a t i o S h o u l d be 1.56 + /- 0.16

. the 2 5 7 / 2 5 9 r a t i o should be 1.03 +/- 0.10

. the 194/196 rat io should be 1.54 +/- 0.15
One s a m p l e is s p i k e d w i t h n a t i v e 2.3,7.6-TCDD at a l eve l of 1.0 PPS (for s o i l ) for eachset of 24 or f e w e r s a m p l e s .
In cases where no n a t i v e 2.3.7.6-TCDD is d e t e c t e d , the a c t u a l d e t e c t i o n l imi t i se s t i m a t e d and r e p o r t e d based on a s ignal to noise ra t i o of 2.5 to 1 at ions 320 and322.
For each s a m p l e , the internal s t a n d a r d is present wi th at l ea s t a 10 to 1 signal to noiser a t i o for b o t h mass 332 and mass 334. A l s o , the i n t e r n a l s t andard 332/33^ r a t i o mustbe w i t h i n the range of 0.67 to 0.67.

S u b c o n t r a c t o r Q A / Q C
Each sub con trac t o er is required to m a i n t a i n an a p p r o p r i a t e l eve l o* q u a l i t y control . To insuret h i s , each s u b c o n t r a c t o r i s r equ i r ed t o submit t o E T C t h e q u a l i t y control d a t a f o r a l l a n a l y s e s i tp e r f o r m s . T h i s d a t a i s k e p t o n f i l e a t E T C . I n g e n e r a l , t h e amount o f q u a l i t y c o n t r o l required i so n e d u p l i c a t e s a m p l e w i t h o n e s p i k e d s a m p l e f o r every t e n analy s e s .

C h f i l n - o f - C u s t o d y

LH

CM
O
O

T h e c h a > n - o f - c u s t o d y p r o c e d u r e i s p a r t o f o u r q u a l i t y as surance p r o t o c o l . W e b e l i e v e o u rc h a m - o f - c u s t o d y record f u ' i y c o m p l i e s w i t h t h e l e g a l r e q u i r e m e n t s o f f e d e r a l , s t a t e a n d l o c a lgovernment agenc i e s and Of the court s of law. The record covers:
- l a b e l i n g o f s a m p l e b o t t l e s , p a c k i n g th e S a m p l e S h u t t l e and t r a n s f e r r i n g t h e S h u t t l eunder seal to the c u s t o d y of a s h i p p e r ;
- o u t g o i n g s h i p p i n g m a n i f e s t s ;
- t h e c h a i n - o f - c u s t o d y f o r m c o m p l e t e d b y t h e p e r s o n ( s ) b r e a k i n g t h e S h u t t l e s e a l ,t a k i n g t h e s a m p l e , reseahng th e S h u t t l e and t r a n s f e r r i n g c u s t o d y t o a s h i p p e r ;
- incoming s h i p p i n g m a n i f e s t s .
- br eak ing t h e S h u t t l e ' s reseai;
- s t o r i n g each l a b e l e d s a m p l e b o t t l e in a secured area;
- d i s p o s i t i o n of each s a m p l e to an analys t or t e chn i c ian; and
- the use of the s a m p l e in each b o t t l e in a t e s t i n g procedure a p p r o p r i a t e to the intendedpurpo s e of the sample .

The records show for each l i n k in t h i s proces s:
the person wi th c u s t o d y ; and
the time and d a t e each person accepted or rel inquished cu s tody.
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' o r each s a m p l e a n a l y z e a

2) A Quant r e p o r t usedq u a n , , , a t - v e r e su . t s o f
3) A mass s p e c t r u mP o l l u t a n t c o m p o u n d
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W « I I . . ( W )
S o i l ( S t t f l j

(8)
> " l ( G ) T r « a l m « n l F a c i l i t y
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1 1 I J S T , L... I I 1 ! 1 I I 1
I . I 1 rsss 1 1 1 I 1 I I I

..J....L.. ...JSR 1 1 I I I J 1
| | I urn/cm | I 1 I 1 1 11 1 1 «I2S'C 1 . , 1 1. . 1 | 1 |

•pec. cond. (attw pcramcttO »ilui
1 1 1 1 1 1I NTu1 |r. I. ..I . ,1 ^ ^_ ^i JT u f b i d i r y

LH

<N
C
C

_Jt»rtu
_J

tmlU

ynlU

F I E L D C O M M E N T S
W e a t h e r ^nnr i i t i on f i : , . . . _ _
Other: _.. .. *
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ETC ENVIRONMENTALTESTING and CERTIFICATION

I n t r o d u c t i o n
T h i s report contains the a n a l y t i c a l r e s u l t s on your soil s a m p l e . BL3 8 5 / 1 2 / 1 9 . It i s d e s igned toi n c l u d e c o m p r e h e n s i v e d a t a f r o m th e e n t i r e a n a l y t i c a l proces s in order t o s a t i s f y t h e needs o fvanous l e v e l s of review.
T h e r e s u l t s ob ta ined f r o m your s a m p l e a r e p r e s e n t e d i n t a b u l a r f o r m a t i m m e d i a t e l y f o l l o w i n gt h i s in t roduc t i on . Q u a l i t y assurance d a t a i s t a b u l a t e d a long with th e a p p r o p r i a t e s a m p l er e s u l t s f or v e r i f i c a t i o n . D e p e n d i n g on the a n a l y s e s ordered, the q u a l i t y assurance d a t a mayi n c l u d e r e s u l t s f r o m b l a n k , s p i k e d b l a n k , s p i k e d s a m p l e (i.e. m a t r i x s p i k e ) a n d r e p l i c a t e s a m p l eas we l l a s r e s u l t s f r o m surrogate compound analyse s . Q u a l i t y assurance d a t a for v e r i f i c a t i o nof p r o p e r instrument p e r f o r m a n c e i s a l so i n c l u d e d where a p p r o p r i a t e . The r epor t a p p e n d i c e sinc lude the chain of c u s t o d y record for your s a m p l e and. where a p p r o p r i a t e , the gaschromatograms and mass spec tra.
T h e pro c edur e s used m t h e a n a l y s i s o f t h e s a m p l e a r e d e s c r i b e d i n t h i s r e p o r t ' s m e t h o d o l o g ysec t ion. AH a n a l y t i c a l procedure s w i t h i n our l a b o r a t o r y ar e p e r f o r m e d w i t h i n a s t r i c t l ye n f o r c e d Q u a l i t y Assurance P r o t o c o l . A d e s c r i p t i o n o f t h i s P r o t o c o l i s i n c l u d e d in th e r e p o r t .

R e s u l t s
S a m p l e r e s u l t s , and a s s o c ia t ed q u a l i t y assurance d a t a , are a l w a y s t a b u l a t e d in one or moreo f thi s r e p o r t ' s Q u a n t i t a t i v e R e s u l t s T a b l e s . T h e f o r m a t o f each t a b l e vanes w i t h t h e c l a s so f a n a l y s i s .
Priority Poituttnt*
T h e p r i o r i t y p o l l u t a n t compounds a n d e l e m e n t s a r e l i s t e d w i t h the ir N P O E S ( N a t i o n a l P o l l u t i o nDischarge E l i m i n a t i o n S y s t e m ) numbers, and the M e t h o d D e t e c t i o n L i m i t (MOD p u b l i s h e d in theF e d e r a l R e g i s t e r . W h e n a compound or e l emen t i s p r e s e n t be low it s p u b l i s h e d MOL it i srepor t ed as 8MDL ( B e l o w M e t h o d D e t e c t i o n Limit). W h e n a compound or e l ement is notpre s en t a t a n y d e t e c t a b l e c oncen tra t i on s i t i s r e p o r t e d a s N O ( N o t D e t e c t e d ) . M D L ' s f o rnon-aqueous matr i c e s ar e based on USEPA p u b l i s h e d MDL's bu t ar e a d j u s t e d a s p er s a m p l ewe igh t . M a t r i x s p ik e and r e p l i c a t e a n a l y s e s , where i n c l u d e d , were p e r f o r m e d on s a m p l e sr a n d o m l y chosen wi th in each q u a l i t y assurance batch and are t h e r e f o r e not n e c e s s a r i l ys p i k e s a n d r e p l i c a t e s o f t h i s r e p o r t ' s s a m p l e . S u r r o g a t e compound recovery d a t a a n dins trument c a l i b r a t i o n d a t a are i n c l u d e d in the M e t h o d P e r f o r m a n c e Data T a b l e s .
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ENVIRONMENTAL"™ — """ C 8\S TESTING and CEftTfPfCATtON
J A N U . 1986

T A B L E 1 : Q U A N T I T A T I V E R E S U L T S a n d Q U A L I T Y A S S U R A N C E D A T A
V o l a t i l e C o m p o u n d s - G C / M S A n a B y s i s Data ( Q R01)

Chain o f C u s t o d y D a t a Required f o r ETC Data Managemen t Summary Repor t s
K 5 4 8 5 ; R E S O U R C E E N G I N E E R I N G R E S 2 8 8 0 4 B L 3 8 5 T 2 1 9

1 C l « p 9 * 4E T C S a m p l e M o , Conwioy . F a c i l i t y S f f w p l * P i l o t 0 < T * M M * M«>wr*
1

N P D E SN u m b e r C o m p o u n dA c r v l r i f l t*4 •»*[•» < r t > r T*(KI ••• term •«»».

! V A c r o l e i n2V A c r y l o n i t r i l e3V Benzene4V b i s ( C h l o r o m e t h y l ) e t h e r5V B r o m o f o r n6V Carbon t e t r a c h l o r i d e7V C h l o r o b e n z e n e8V Chlorodibrwwwethart*9V C h l o r o » t h a n e10V 2 - C h l o r o e t h y l v i f t y l e ther1 1 V C h l o r o f o r m12V D i c h l o r o b r o m o f n e t h a n e13V D i c h l o r o d i f i u o r o m e t h a n e14V 1 , J - D i c h i o r o e t h a n e95V ? , 2 - D i c h l o r o e t h a n e16V 1 , l - D i c h l o r o e t h y l e n «17V ! , 2 - D l c h l o r o p r o p a n e18V c i s -1 , 3 - D i c h l o r o p r o p y I e n e19V E t h y l b e n r e n e20V M e t h y l b r o m i d e21V M e t h y l c h l o r i d e22V M e t h y l e n e c h l o r i d e23V l , 1 . 2 . 2 - T e t r a c h l o r o » t h a n e24V T e t r a c h l o r o e t h y l e n e25V T o l u e n e26V 1 , 2 - T r a n s - d i c h l o r o « t h y l e n e27V 1, 1 , l - T r i c h l < ? r o e t h a n «28V 1.1 , 2 - T r i c h I o r o e t h a n e29V T r i c h l o r o e t h y l e n e30V T r i c h l o r o f l u o r o w e t h a n *31V V i n y l c h l o r i d e1 8 V t r a n s - 1 , 3 - D i c h I o r o p r o p y I e n e
• t M t h M ««.

R e s u l t s
S a m p l eC o n c e n .u g / k g

NONDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNONDNDNDNONDNDNONDNDNDNDNDNDNDND

MDLu g f k f l
50050022502414301650508.01 !5024141430253650SO143521308.019259.5SO5050

OC R e p l i c a t e

F i r s tu g / k f l
NONDNONDNDND1050NDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDND885WE>NDNDNDNDNDND

S e c o n dU 9 / k g
NDNDNDNDNDND1540NDNDNDNDNDNDNDNDNDNONDNDNONONONDND1280NDNDNDNDNDNDND

O C B l a n f c a n d S p i k e d B l a n k
B l a n kD a t au g / k g

NONDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNONDNDBMDLNDNDNDNDNONDNDNDNDND

C o n c e n .A d d e du g / k g
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XRecov
989696
889899931070.10793137104104105968799M 41121 1 798105106106989694U 2M693

O C M a t r i t r S p i k e
U n s p l k e t fS a m p l eu g / k g

NDNDNDNONDNDNDNDNDNDNONDNDNONDNDNDNDNONDNDN. v

SiNDNDNDNDNDNONDNDND

C o n c e nA d d e dU f f / k g
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C 1 C' TESTING an t f CERTIFICATION
JAN 9 . 1986

T A B L E 1 : Q U A N T I T A T I V E R E S U L T S a n d Q U A L I T Y A S S U R A N C E D A T A
A c i d C o m p o u n d s - G C / M S A n a l y s i s D a t a ( Q R 0 2 )

Chain o f C u s t o d y Data Required f or ETC Data Management Summary Repor t*
K8485 R E S O U R C E E N G I N E E R I N G R E S 2 8 8 0 4 B L 3 3 5 ) 2 1 9

E T C S * n p l » N o , C o m p a n y F a c i l i t y S * m p l « P o i n t 0< t e T i m * H < * t » r »
t

N P D E S C o m p o u n dN u m b * *

J A 2 - C h l o r o p h e n o l2A 2 , 4 - D i c h l o r o p h e n o l3A 2 . 4 - D i m e t h y l p h e n o l4A 4 . 6 - D i n i t r o - o - c r a s o i5A 2 . 4 - D i n i t r o p h e n o l6 A 2 - N H r o p h e n o l7A 4 - N i t r o p h e n o l8A p - C h l o r o - m - c r a s o l9A P e n t a c h l o r o R h a n o lI Q A PhenolH A 2 . 4 . 6 - T r i c h l o r o p h e n o l

i ' •• ••

R e s u l t s
S a m p i eC o n c e n .u g / k g

NONONDNONONONONONONONO

MDLu g / k g
1 1 092928201400120821001205592

QC R e p l i c a t e

F i r s tu g / k g
NDN DNDNONDNONDNONDNOND

S e c o n du g / k g
NDNO183NDNDNONONDN DNDND

0 0 B l a n k a n d S p i k e d B l a n K
B l a n kD.. t au g / k g

N DNONONDNON DNDNDNDNDNO

C o n c e n .A d d e du g / k g
00000000000

2d e c o y
.-.___-_--

Q C M a t r i x S p i k e
U n s p i k e dS a m p l eu f l / k g

NONDNONONONONONOND236ND

C o n c e n .A d d e du g / k g
4400440044004400440044004400440044004400440G
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ENVIRONMENTALC f f C r TESTING fntf CE RTtFICATION ' ' "
JAN 26, 1986T A B L E 1 : Q U A N T I T A T I V E R E S U L T S a n d Q U A L I T Y A S S U R A N C E D A T A

B/ * S E / N E U T R A L C O M P O U N D S - G C / M S A N A L Y S I S D A T A (QR03)
Chain of Cus tody Data Required for ETC Data Management Summary Report* i

K6485 ;i>ESOimC£ ENQlNEERInW «ES28eo4 BL3 8S1219 i:4
ETC S a n p l t t i c , : Coivptny ; .••>. • F«clIJtf . S*np!v Point 0»t» T i m * ; Hour»

M P 0 E S . . • • ' - . - . ' . - ' • ' • . - - ' . 6 o f h p a ( r i i < f " : ' . " " :

N u w o e r ' , ' • . : • • • ' • • - • . - : " - ' . , • ' : '••••••"•• • ^Hz '•'••'•- -•••'•-
S B Aeena^h thene2B A c e n t t p h t h y i e n o38 Anthracene4B B e n t l d i n e

11

SB Sen zo6B Benzo7B Benzo8B S e n z o98 Benro

a l a r i t h r a c e n ea j p y r e n eb j f l u o r o a n t h e n ag n i j p e r y i e n ek ) f l u oran th eneO B b i j ( 2 - C h I o r o e t h a x v ) f l e t h p n eI B b t s ( 2 - € h l o r o e t h y l ) e t h e r28 b i s l 2 - C h l o r o i s o p r o p y I ) e t h e r3B b i s(2- • E t h y l h e x y U p h t h48 4-Bromophenyl p h e n y lSB Butyl
a i a t ee t h e rbenzyl p h t h a l a t eI 6 B 2 - C h l o r o n a p h t h a l e n e178 4 - C h l o r o p h e n y I ph«nyl o t h e r188 C h r y i e n e; 98 D i b e n r o ( a . h ) a n t h r a c » n e20B <.„ - D t c h l o r o b e n z e n e2 1 B f ( 3 - D i c h l o r o b e n z e n e22B I ,4;Dichlorobenzene233 3 , 3 * * D l c h l o r o b e n 2 i d i n e24 B D i e t h y l p h t h a l a t e25B Dimethyl p h t h s l a t e268 D i - n - b u t y l p h t h a l a t e278 2 . 4 - D t n i t r o t o l u e n e28B 2 . 6 - D i n i t r o t o l u e n e29B D i - n - o c t y l p h t h a l a t t30B 1 , 2 - D i p h e n y l h y d r a r i n a3 1 B F - u o r a n t h e n e32B F l u o r e n e

R e s u l U ..
S a m p l eC o n c e n ,u g / k g

NDNDNDNDNDNONDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDND

w>i I
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QC B l a n k and S p i k e d Blank
B l a n kD a t a

NDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDNDND
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00000000000000000000000000000000

Xf f t c o v
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U r t t f t i k e t fS e m p l tu g / k g
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Concei t .A t f d e do g / k g
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C / V TSSTIMG *n<l CERTIFICATION
JAN 26, 1986

T A B L E 1 : Q U A N T I T A T I V E R E S U L T S a n d Q U A L I T Y A S S U R A N C E D A T A
B A S E / N E U T R A L C O M P O U N D S - G C / M S A N A L Y S I S D A T A (QR03)

Chain of Cuctody Data R*<jutr«6 for ETC Data Management Summary Reports
K848S RESOURCE ENGINEERING ;- .RES28804 BL3 851219

E1C0M4ETC S « n p l c No. C M t p i n y : F i c i t i t y S*npl* Point 0*!e TiiM ttaun,
. - - -. - -

N P D E S C o m p o u n dN u m b e r
33B H e x a e h l o r c b e n z e n a348 K e K a c h l o r d b u t a d i e n e3 S B H o K a c h l o r o c y c i c p e n t a d i e n s36B H e x a c h l o r o e t h a n e376 I n d e n o O , 2 . 3 - c . d ) p y r « n e383 I s o p h o r o n e39B N a p h t h a l e n e408 N i t r o b e r t x e n *41B W - W i t r o $ e d i « * t h y I a m i n «426 N - N l t r o j c d i - n - p r o p y 2 a n s i n e438 N - N U r o s o d i p h * f i y l a r a i n «44S Phenanthrene45S Pyrene

1 tecmrr utftnitr wMi* «mg en P?«M*I M C M * Hi.

R a t u i t t
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ENVIRONMENTAL"""" —— t 1 W TESTING an<t CERTIFICATION
J«l 26, 1986

T A B L E 1 : Q U A N T I T A T I V E R E S U L T S a n d Q U A L I T Y A S S U R A N C E D A T A

5 " '
'

P e s t f c f d e / P C B Compound s * G C / M S A n a l y s i s Data (QR04)
Chain of Custody Data Required for ETC D«t» Management Summary Reports

K8465 RESOURCE ENGINEERrNQ «£S28304 BL3 851219
> * r C l « * o * e f f c , Co*««r : :. F * c i » t r Swl* *oi«t D.t» flm «?£?•

W P D E S . - ' - ' - - ; - • ? • . - . . •••Cewp6ir*Td f • • . " . ' ' ' . • ' •
N t f B & « r ' ' " f * : V j ' : . > . - - : V . . - : - . - / ' ' i . ^ ' ^ k : * '
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« Mc«>*rF * ? ' • • ( tr *•?«*< i mtHty fM •**<•• •i MtrW «€.
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Mft CEFtTtFtCATfQN JAN 24. 1986
T A B L E 2 : M E T H O D P E R F O R M A N C E D A T A

S u r r o g a t e Recovery S o i l - G C / M S Data (OR20)
Chain of Custody Oat* Required for ETC Data Management Summary Reports

' ; ' "*: K S 4 S 5 RESOURCE ENGINEERING RES28804 BL3 S5I2I 0
* ' • • = " C t C S*«pi* M a , : • • ' : . ' Cato^tny ' ' : f * c i l i t y • ' - S«*p l« PatM 0*t* T U M H o u r i
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ETC CERTIFICATION
M e t h o d o l o g y

f o r
G C / M S A n a l y s i s o f P r i o r i t y P o l l u t a n t C o m p o u n d s

T h e m e t h o d s e m p l o y e d m t h e G C / M S a n a l y s i s f o r p r i o r i t y p o l l u t a n t s a r e e s t a b l i s h e dmethoc s . Rigid c o m p l i a n c e w i t h th e i n s t r u m e n t p a r a m e t e r s and p e r f o r m a n c e c r i t e r i a o f th ep u b l i s h e d m e t h o d s was a c h i e v e d , in some cases, tho prec i se amount s o f s a m p l e used and thes a m p l e n a n d i m g p r o c e d u r e s v a r y w i t h t h o c o m p l e x i t y o f t h e s a m p l e m a t r i x . Q u a l i t a t i v ei d e n t i f i c a t i o n o f t h e p r i o r i t y p o l l u t a n t s w a s p e r f o r m e d u s i n g t h e r e l a t i v e r e t e n t i o n t i m e s , t h er e l a t i v e abundance o f three c h a r a c t e r i s t i c ions anct the abundance ra t i o s . The e n t i r e masss p e c t r a was reviewed t o c o n f i r m each i d e n t i f i c a t i o n . Q u a n t i t a t i v e a n a l y s i s o f d e t e c t e dc o m p o u n d s was p e r f o r m e d by u s ing a r e s p o n s e f a c t o r g e n e r a t e d by a m a j o r c h a r a c t e r i s t i ci o n o f t n e s p e c i f i c c ompound a n d a n i n t e r n a l s t a n d a r d .
C o m p o u n d s , in a d d i t t o n to those on the p r i o r i t y p o l l u t a n t l i s t , were i d e n t i f i e d t h r o u g h ac o m p u U r - a i d e d s e a r c h o f t h e N B S - E P A s p e c t r a l i b r a r y . A f t e r r ev i ew t h e i d e n t i f i c a t i o n s a r ei n c l u d e d * n 3 s e p a r a t e t a b u l a t i o n a n a l a b e n e d " t e n t a t i v e l y i d e n t i f i e d " .
Voiitilt Priority PQUuttnt Compoundt
F o r t h e a n a l y s i s o f V o l a t i l e p r i o r i t y p o l l u t a n t s i n a s o i l m a t r i x , a m o d i f i e d v e r s i on o f E P AM e t h o d 624 was used. The m o d i f i c a t i o n can be be s u m m a r i z e d as f o l l o w s : 1-3 gm of the s o l i ds a m p l e ar e w e i g h e d i n t o a 15 ml H y p o v i a l . The vial i s s e a l e d i m m e d i a t e l y w i t h a t e f l o n - b a c k e dsihcone s e p t u m . A s o l u t i o n c o n t a i n i n g 3 internal s t a n d a r d s i s i n j e c t e d through the s e p t u monto the s a m p l e . The v ia l i s a t t a c h e d to the Purge and T r a p s a m p l e r in series w i t h a 5 mlo r g a n i c - f r e e w a t e r t r a p . T h e s a m p l e v ia l i s h ea t ed a t 8 0 d e g r e e s C e n t i g r a d e f o r 2 0 m i n u t e s .A n i n e r t g a s s w e e p s t h e v o l a t i l e o r g a n i c c o m p o u n d s t h r o u g h t h e w a t e r t r a p on t o a s orbentco lumn wnere t h e y are t r a p p e d . W h e n the purge cyc l e i s c o m p l e t e , the sorbent column ishea t ed a^d b a c K f i u s h e d w i th he l ium to desorb the purgeab i e organic compounds onto a gasc h r o m a t c g r a p h i c co lumn. T h e g a s c h r o m a t o g r a p h i s t e m p e r a t u r e p r o g r a m m e d t o s e p a r a t e t h ep u r g e a b i e m i x t u r e . T h e s e p a r a t e d p u r g e a b i e c o m p o n e n t s a r a t h en i d e n t i f i e d a n d q u a n t i t a t e ou s i n g a c o m p u t e r i z e d mass s p e c t r o m e t e r .
Acid, Btse/Neutrtt *m* Pysticid* Priority Pollutn/tt Compound9
F o r t h e a n a l y s i s o f t h e A c i d . B a s e / N e u t r a l a n d P e s t i c i d e p r i o r i t y p o l l u t a n t s i n a s o i l m a t r i x , am o d i f i c a t i o n of EPA M e t h o d 625 was used. The method can be summarized as f o l l o w s : A 30gm semi-wet soil s a m p l e is soxhie t e x t r a c t e d vuth a 1:1 mixture of acetone and hexane. Thea c e t o n e i s t h e r m a l l y s t r i p p e d . The r e m a i n i n g hexane e x t r a c t i s d i l u t e d t o 200 ml w i t hm e t h y i e n e c h l o r i d e a n d t w i c e e x t r a c t e d w i t h a n aqueous N a O H s o l u t i o n f o l l o w e d b y a ne x t r a c t i o n w i t h d e i o n i z e d water. T h e m e t h y i e n e c h l o r i d e e x t r a c t i s d r i e d a n d c o n c e n t r a t e d t oa 1 ml f i n a i volume. T h i s concentrate i s i n j e c t e d into a GC/MS instrument c o n f i g u r e d for thea n a l y s i s o f B a s e / N e u t r a l p r i o r i t y p o l l u t a n t compounds. T h e remaining aqueous e x t r a c t s a r ecombined and the pH a d j u s t e d t o a v a l u e l e s s than 2 . The aqueous p h a s e i s s e r i a l l y e x t r a c t e dw i t h 3 a u q u o t s o f m e t h y i e n e c h l o r i d e , T h e m e t h y i e n e c h l o r i d e e x t r a c t s a r e d r i e d ,c o n c e n t r a t e d to a 1 ml final volume. The concentra t e is i n j e c t e d in to a GC/MS in s t rumen tc o n f i g u r e d f o r t h e a n a l y s i s o f acid e x t r a c t a b i e p r i o r i t y p o l l u t a n t compounds.
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ETC ENVIRONMENTALT f S T / W O » f t t f CERTIFICATION

S u m m a r y o f
Q u a l i t y A s s u r a n c e / Q u a l i t y C o n t r o l Procedure s ( Q A / Q C )

E T C bases i t s q u a l i t y assurance p r o t o c o l s o n t h e f o l l o w i n g government g u i d e l i n e s :
. " H a n d b o o k f o r A n a l y t i c a l Q u a l i t y C o n t r o l i n W a t e r a n d W a s t e w a t e rL a b o r a t o r i e s * . EPA-600/4-79-019. M a r c h 1979;
. N a t i o n a l E n f o r c e m e n t I n v e s t i g a t i o n Cent er P o l i c i e s , and Proc edure s m a n u a l ;E P A - 3 3 0 / 9 / 7 9 / O O l - R . October 1979;
. the recommended g u i d e l i n e s for EPA M e t h o d s 624 and 625. ( F e d e r a l R e g i s t e r ,December 3,1979. u p d a t e d on October 26 .1964);
. "Manual o f A n a l y t i c a l M e t h o d s f o r t h e A n a l y s i s o f P e s t i c i d e s i n H u m a n s a n dE n v i r o n m e n t a l S a m p l e s . " EPA 600/6-80-038. J u n e 1980;
. " D e t e r m i n a t i o n o f 2 .3 ,7 .8-TCDD i n S o i l a n d S e d i m e n t " E P A . Region V I I , K a n s a sC i t y . S e p t e m b e r 1983;
. Organi c A n a l y s i s : M u l t i - m e d i a . M u l t i C o n c e n t r a t i o n - I F B W A 8 4 - A 2 6 7 ; a n d
. D i o x m A n a l y s i s : S o i i / S e d i m e n t M a t r i x ; M u l t i - C o n c e n t r a t i o n ; S e l e c t e d I o nM o n i t o r i n g w i t h J a r E x t r a t i o n P r o c e d u r e - I F B W A 8 4 - A 0 0 2

H o w e v e r , we have m o d i f i e d our p r o t o c o l s t o p r o v i d e a h i g h e r l e v e l o f Q A / Q C t h a n the g u i d e l i n e srequire. For e x a m p l e , we a n a l y z e a h igher than required number of q u a l i t y c on tro l s a m p l e s andw e p a y e s p e c i a l l y c a r e f u l a t t e n t i o n t o t h e c e r t i f i c a t i o n o f t h e ' r e f e r e n c e s t a n d a r d * c ompoundswe use in analys i s . Below are l i s t e d the key Q A / Q C elements for the methods we used.
A n a l y s i s o f V o l a t i l e Organic C o m p o u n d s b y G a s C h r o m a t o g r a p h v / M a s s S p a c t r o m f i t r y

- Each ba t ch of 13 s a m p l e s c on s i s t s of 9 customer s a m p l e s (at a maximun). one b l a n ks a m p l e , one s p i k e d b l a n k , one s p i k e d s a m p l e and one r e p l i c a t e s a m p l e . T h i s amounts to a30% q u a l i t y control f a c t o r .
- T h r e e s u r r o g a t e c ompounds are a d d e d to each s a m p l e in the ba t ch of 13.
- A b l i n d q u a l i t y contro l s a m p l e i s I n t r o d u c e d to the l a b o r a t o r y for a n a l y s i s on a w e e k l ybasis.
- Each GC/MS i s checked and retuned. If necessary, a t th e b e g i n n i n g o f each day t oensure t h a t i t s p e r f o r m a n c e on b r o m o f l u o r o b e n z e n e (BFB) meets th e EPA cr i t er ia .
- A c a l i b r a t i o n curve f o r q u a n t i t a t i o n I s p r e p a r e d using a m i x t u r e o f V o l a t i l e OrganicP r i o r i t y P o l l u t a n t " s t a n d a r d s " at a minimum of 3 d i f f e r e n t concentrat ions and using am i x t u r e of 3 i n t e r n a l s t a n d a r d s at a cons tant concentrat ion.
- The c a l i b r a t i o n curve i s v e r i f i e d wi th a mix ture of p r i o r i t y p o l l u t a n t s t a n d a r d s everyday. If t h e re sponse f a c t o r s vary greater than 25%. the ins trument must b er e c a l i b r a t e d .

A n a l y s i s o f O r g a n i c C o m p o u n d s E x t r a c t e d I n A c i d o r B a s e / N e u t r a l S o l u t i o n s b y G a s"" " ""
- Each b a t c h of 20 s a m p l e s c o n s i s t s of 16 cus tomer s a m p l e s (at a max imum), one b l a n ks a m p l e , one s p i k e d b l a n k ( f o r wat er m a t r i c e s ) , one s a m p l e s p i k e d w i t h t h e p r i o r i t yp o l l u t a n t s t a n d a r d m i x t u r e and a d u p l i c a t e cu s tomer s a m p l e . T h i s amounts to a 20%q u a l i t y c o n t r o l f a c t o r .
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ETC ENVIRONMENTALTfSTINQ and CERTIFICATION

- T h r e e s u r r o g a t e c o m p o u n d s are a d d e d t o each s a m p l e in the b a t c h for B a s e / N e u t r a la n a l y s i s .
- T h r e e s u r r o g a t e c o m p o u n d s a r e a d d e d t o each s a m p l e i n t h e b a t c h f o r A c i d a n a l y s i s .
- A b l i n d q u a l i t y contro l s a m p l e i s i n t r o d u c e d to the l a b o r a t o r y for a n a l y s i s on a w e e k l ybasis.
- Each GC/MS is checked and r e tuned . i f ne c e s sary, a t the b e g i n n i n g o f each day toensure t h a t i t s p e r f o r m a n c e o n d e c a f i u o r o t n p h e n y i p h o s p h m e ( D F T P P ) mee t s t h e E P Acri t er ia .
- A c a l i b r a t i o n curve for q u a n t i t a t i o n i s p r e p a r e d us ing a m i x t u r e o f s t a n d a r d s composedof e i t h e r the Organic A c i d or B a s e / N e u t r a l E x t r a c t a b l e C o m p o u n d s at a minimum of 3c o n c e n t r a t i o n s a n d u s i n g f i v e i n t e r n a l s t a n d a r d s f o r q u a n t i t a t i o n .

A n a l y s i s o f M e t a l s
At I $»mpl*9

- N e w s t a n d a r d s a r e p r e p a r e d f o r each b a t c h o f s a m p l e s .
- N o r m a l c a l i b r a t i o n i s p e r f o r m e d us ing a b l a n k s a m p l e and f o u r s t a n d a r d s t h a t havebeen t h r o u g h th e s a m p l e p r e p a r a t i o n p r o c e d u r e . A r e g r e s s i o n a n a l y s t s i s used t oc o n s t r u c t the c a l i b r a t i o n curve.
- A l l E P T o x i c i t y s a m p l e s a n d a l l s a m p l e s d e t e r m i n e d b y f u r n a c e a t omi c a b s o r p t i o n a r ec a l c u l a t e d by the "method of addi t i on s" .
- For each s a m p l e a n a l y s i s t h a t r equire s t h e u s e o f t h e "method o f a d d i t i o n s " t e chn ique .a t h r e e p o i n t c a l i b r a t i o n ! i s p e r f o r m e d u s ing U . S . E P A " M e t h o d s f o r C h e m i c a l A n a l y s i s o fW a t e r and W a s t e s . 1979". R e s u l t s ar e o b t a i n e d u s ing l i n e a r r egr e s s i on a n a l y s i s . Anyr e g r e s s i o n w i t h a c o e f f i c i e n t o f c o r r e l a t i o n b e l ow 0.990 i s c o n s i d e r e d s u s p e c t ,n e c e s s i t a t i n g review o f c a l i b r a t i o n d a t a o r s a m p l e r e - a n a l y s i s .
- In c o n s t r u c t i n g the normal c a l i b r a t i o n curves the l owe s t c o n c e n t r a t i o n l e v e l s we useare value s g r e a t e r t h a n or equal to 5 t ime s the i n s t r u m e n t a l D e t e c t i o n L i m i t ODD.
- All c a l i b r a t i o n s t a n d a r d s are a n a l y z e d in d u p l i c a t e , a t a minimum.
- i n d e p e n d e n t r e f e r e n c e s t a n d a r d s are used to check the accuracy of c a l i b r a t i o ns t a n d a r d s .
- A check s t a n d a r d i s a n a l y z e d every t en s a m p l e s t o v a l i d a t e the normal c a l i b r a t i o ncurve.
- One cus tomer s a m p l e out of every ten is a n a l y z e d in t r i p l i c a t e .
Homgg«n»ou» S»mpl*9 (except for Mtreuty
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S a m p l e s are a n a l y z e d in ba t ch e s of 30 or less. For ba t che s in which the s a m p l e m a t r i c e sare homogeneous, the OC p r o g r a m is a minimum of 25% and cons i s t s of a n a l y z i n g :
- 3 s e t s o f t r i p l i c a t e a n a l y s e s ;
- 2 R e p l i c a t e s p i k e s ;
- 1 i n d e p e n d e n t r e f e r e n c e s t a n d a r d ;
- 4 C a l i b r a t i o n s t a n d a r d s ( p r o c e s s e d using th e s a m p l e p r e p a r a t i o n m e t h o d ) ;
- 4 C a l i b r a t i o n s t a n d a r d s ( w i t h o u t s a m p l e p r e p a r a t i o n ) ; a n d
- 1 R e a g e n t B l a n k .
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S a m p l e s are analyzed in batches of 30 or less. For batches in which the sampl e matricesare h e t e r o g e n e o u s , the OC p r o g r a m is a minimum of 35% ana c on s i s t s of a n a l y z i n g :
- 3 sets of t r i p l i c a t e analyses;
- 2 R e p l i c a t e s p i k e s ;
- 1 R e p l i c a t e independent re ference s t andard s ;
- 4 C a l i b r a t i o n s t a n d a r d s (pro c e s s ed us ing th e s a m p l e p r e p a r a t i o n m e t h o d ) ;
- 1 Procedural Blank;
- 4 C a l i b r a t i o n s t a n d a r d s ( w i t h o u t s a m p l e p r e p a r a t i o n ) ; and
- 1 Reagent Blank.

To a n a l y z e s a m p l e s for mercury we g r o u p them by m a t r i x In ba tche s of 30 or less. OurQC program is a minimum of 30% and consists of analyzing:
- each of the 30 customer s a m p l e s in d u p l i c a t e ;
- 3 sets of t r i p l i c a t e anayl s e s;
- 2 R e p l i c a t e s p i k e s ;
- 2 R e p l i c a t e ind ep enden t r e f e r e n c e s t a n d a r d s ;
- 10 C a l i b r a t i o n s t a n d a r d s ( p r o c e s s e d u s ing the s a m p l e p r e p a r a t i o n m e t h o d ) ; and
- 2 Procedural Blanks.

A n a l y s i s o f P e s t i c i d e s , H e r b i c i d e s a n d P C B ' s b y G a s C h r o m a l o Q r a p h y
P e s t i c i d e , h erb i c id e and PCS s a m p l e s are erouped in batches of 16 customer s a m p l e s or (e s saccording to the t y p e of analys i s to be p e r f o r m e d . The QC program for each of these threet y p e s of ana ly s e s is a minimum of 20% and cons i s t s of a n a l y z i n g :

- 1 p r o c e d u r a l b l a n k s a m p l e (a reagent b lank is ana lyzed in the case of non-watermatrices);
- 1 s p i k e d b l a n k s a m p l e (the s p i k e d b l a n k is e l i m i n a t e d in the case of non-watermatrices);
- 1 r e p l i c a t e s a m p l e ;
- 1 r ep l i ca t e spiked sample; end
- 1 known r e f e m e c e QC s a m p l e for at l ea s t each 100 s a m p l e s a n a l y z e d .

The instrument is cal ibrated each run with three s tandards, and checked every 10 samples .. . . .-. ••• . , •; i . . . . - . , -;/: - - f v T ;. ~ •;

A n a l y s i s o f Cyanid e s . Phenols. F l u o r l d e , Chlor id e . N i t r a t e _ind N i t r i t e
- A l l p a r a m e t e r s a r e a n a l y z e d g s i n g a T e c h n i c o n A u t o a n a i y z e r I I G T .
- 3 c a l i b r a t i o n s t a n d a r d s are analyzed at the beginning and end of each batch,

00oo
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- E^ch b a t c h (up to 80 s a m p l e s ) c o n s i s t s of a n a l y z i n g one b l a n k , one s p i k e d b l a n k , oned u p l i c a t e and s p i k e d s a m p l e every 20 s a m p l e s , and an EPA known r e f e r e n c e s a m p l e .
A n a l y s i s o f T o t a l Organic C a r b o n ( T O O )
TOC s a m p t e s ar e-analyzed on a d a i l y basis w i t h the number o f s a m p l e s a n a l y z e d per dayd e p e n d e n t o n t h e request f o r d u p l i c a t e o r q u a d r u p l i c a t e a n a l y s e s . T h e q u a l i t y contro l p r o g r a m i sdes igned to m a i n t a i n the a p p r o p r i a t e amount of QC and cons i s t s of the f o l l o w i n g e l e m e n t s :

- D a i l y i n s t r u m e n t c a l i b r a t i o n
- CX>e b l a n k
- S t a n d a r d r e c a l i b r a t i o n every 10 s a m p l e s
- S p i k e d s a m p l e s at a low and h igh l eve l
- E v e r y s a m p l e is run in d u p l i c a t e at a minimum

A n a l y s i s o f T o t a l Organic H a l i d e ( T O X )
- Blank reagent water for abso lute carbon backround must contain less than 5 u g / l ofh a i i d e ( a s c h l o r i d e ) .
- U s i n g a t n c h l o r o p h e n o l s t a n d a r d , th e mean a d s o r p t i o n e f f i c i e n c y must b e w i t h i n +/-15% of the s t a n d a r d value.
- C a l i b r a t i o n s t a n d a r d s are run every 10 s a m p l e s .
- Every s a m p l e is run in d u p l i c a t e at a minimum.

A n a l y j t l s j > f 2.3.7.8-TCDD ( D l o x l n ) b y G C / M S ( S I M )

- Each s a m p l e i sdo sed wi th a known quan t i ty of 1 3Cj2-2 .3 ,7 .8-TCDD as int ernals t a n d a r d a n d 3 ' G 4 - T C D D a s s u r o g a t e s t a n d a r d . T R e a c t i on l i m i t s f o r s u r r o g a t es t a n d a r d r e s u l t s i s +/- 40% of the true value. S a m p l e s showing surroga t e s t a n d a r dr e s u l t s o u t s i d e o f the s e l i m i t s a r e r e e x t r a c t e d and r e a n a l y z e d .
- Two l a b o r a t o r y "method b l a n k s ' are run a l o n g w i t h each set of 24 or f e w e r s a m p l e s .The method b l a n k i s a l s o dosed w i t h the i n t e r n a l s t a n d a r d and s u r r r o g a t e s t a n d a r d .
- At l e a s t one per s e t o f 24 s a m p l e s Is run In d u p l i c a t e t o d e t e r m i n e i n t r a l a b o r a t o r ypreci s ion.
- Q u a l i t a t i v e Requirements . The f o l l o w i n g are met in order to c o n f i r m the presence ofn a t i v e 2 .3J.8-TCDD:

a. I s o m e r s p e c i f i c i t y must be d e m o n s t r a t e d i n i t i a l l y and v e r i f i e d once per 8-hourwork s h i f t . T h e v e r i f i c a t i o n cons i s t s o f i n j e c t i n g a m i x t u r e c o n t a i n i n g T C O D isomerswhich e l u t e c l o s e t o 2 .3 .7 ,8-TCDD. The 2 ,3 ,7 .8-TCOD must b e s e p a r a t e d f r o mi n t e r f e r r i r - g I s o m e r s . w i th no more than 25% v a l l e y r e l a t i v e to the 2.3,7,8-TCOD peak.
b. The 3 2 0 / 3 3 2 ra t i o is w i t h i n the range of 0.67 to 0.87.
c. tons 320. 322, and 257 are all present and maximize t og e th er the s ignal to meannoise rat io must be 2.5 to 1 or b e t t e r for all 3 ions.
d. The r e t e n t i o n time is equal ( w i t h i n 3, seconds) the r e t en t i on time for thei s o t o p i c a i i y l a b e l e d 2 ,3 .7 ,8-TCDD.
e. At l e a s t one of the p o s i t i v e s can be c o n f i r m e d by o b t a i n i n g p a r t i a l scan s p e c t r af r o m mass 150 to mass 350. The p a r t i a l scan g u i d e l i n e s are as f o l l o w s :
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r . the 320/324 r a t i o s h o u l d be 1.58 +/- 0.16
. the 2 5 7 / 2 5 9 r a t i o S h o u l d be 1.03 +/- 0.10
. the 194/196 r a t i o s h o u l d be 1.S4 +/- 0.15

One s a m p l e i s s p i k e d w i t h n a t i v e 2 .3 ,7 ,8-TCDD at a l e v e l o f 1.0 PPB ( f o r s o i l ) for eachset of 24 or f e w e r s a m p l e s .
I n cases where n o n a t i v e 2 . 3 , 7 , 8 - T C D D I S d e t e c t e d , t h e a c t u a l d e t e c t i o n l i m i t i se s t i m a t e d and r e p o r t e d based on a s i g n a l to n o i s e - r a t i o of 2.5 to 1 at ions 320 and322.
For each s a m p l e , the i n t e r n a l s t a n d a r d is pre s ent w i t h at l e a s t a 10 to 1 s i g n a l to noiserat io for both mass 332 and mass 334. A l s o , the internal s tandard 332/334 ratio mustbe w i t h i n the range of 0.67 to 0.87.

S u b c o n t r a c t o r Q A / Q C
Each s u b c o n t r a c t o e r i s required t o m a i n t a i n an a p p r o p r i a t e l e v e l o f q u a l i t y c o n t r o l . To insuret h i s , each s u b c o n t r a c t o r i s required t o submit t o ETC th e q u a l i t y contro l d a t a f o r a l l a n a l y s e s i tp e r f o r m s . Thi s d a t a i s k e p t on f i l e a t E T C . In g enera l , t h e amount o f q u a l i t y contro l required i sone d u p l i c a t e s a m p l e w i t h one s p i k e d s a m p l e f o r every t en analyse s .

C h a i n -ot - C u s t o d y
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The c h a i n - o f - c u s t o d y p r o c e d u r e i s p a r t o f our q u a l i t y assurance p r o t o c o l . We b e l i e v e ourcham-oi-custody record fu l ly c o m p l i e s wi th th e l e g a l requirements o f f e d e r a l , s t a t e and localgovernment agenc i e s and of the courts of law. The record covers:
- l a b e l i n g o f s a m p l e b o t t l e s , p a c k i n g t h e S a m p l e S h u t t l e a n d t r a n s f e r r i n g t h e S h u t t l eunder seal to the c u s t o d y of a s h i p p e r ;
- o u t g o i n g s h i p p i n g m a n i f e s t s :
- th e c h a i n - o f - c u s t o d y f o r m c o m p l e t e d by th e p e r s o n ( s ) breaking th e S h u t t l e seal.t a k i n g t h e s a m p l e , r e s e a l i n g t h e S h u t t l e a n d t r a n s f e r r i n g c u s t o d y t o 8 s h i p p e r ;
- I n c o m i n g s h i p p i n g m a n i f e s t s ;
- b r e a k i n g t h e S h u t t l e ' s r e s e a t ;
- s t o r i n g each l a b e l e d s a m p l e b o t t l e in a secured area;
- d i s p o s i t i o n of each s a m p l e to an a n a l y s t or t e c h n i c i a n ; and
- the use of the s a m p l e in each b o t t l e in a t e s t i n g p r o c e d u r e a p p r o p r i a t e to the i n t e n d e dp u r p o s e o f t h e s a m p l e .

The records show for each l i n k in t h i s proces s:
- the p e r s o n w i t h c u s t o d y ; and
- the t ime and d a t e each per son a c c ep t ed or r e l i n q u i s h e d cu s t ody.
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A p p e n d i x A
Mass S p e c t r a l Data

f o r
Q u a n t f t a t e d C o m p o u n d s

1) A t o t a l i on c h r o m a t o g r a m for each s a m p l e a n a l y z e d by a GC/MSin s t rument .
2) A Q u a n t , r e p o r t used by the a n a l y s t t o d e t e r m i n e q u a l i t a t i v e andq u a n t i t a t i v e r e s u l t s o f t h e c o m p o u n d s p r e s e n t .
3) A mass s p e c t r u m and a r e f e r e n c e s p e c t r u m for each p r i o r i t yp o l l u t a n t compound d e t e c t e d in the s a m p l e .
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T A B
ZERTtFtCATtQK

L E 1 : Q U A N T I T A T I V E R E S U L T S a n d Q U A L I T Y A S S U R A N C E D A T A
V o l a t i l e C o m p o u n d s - G C / M S A n a l y s i s D a t a ( Q R 0 1 )

C h a i n o f C u s t o d y D a t a Required f o r E T C D a t a M a n a g e m e n t S u m m a r y R e p o r t s
E9442 R E S O U R C E E N G I N E E R I N G R E S 2 8 8 0 F R D O W N S T R E A M 840628 1630

E l t J > i « t fE T C S * m p ) e H o . Co«p*ny F a c i l i t y S « n p l e Poin t 0*t« T t " W H o u r s

N P D E 3 C o m p o u n dN u m b e r

t r a n s - l , 3 - D i c h l o r o p r o p y I e n e

R e s u l t s
S a m p l eC o n c e n .U 9 / 1

N D

M D Lu g / 1 *
10

O C R e p l i c a t e

F i r s t
U 9 / 1

ND
S e c o n d

U 9 / 1
ND

0 0 2

O C B l a n k a n d S p i k e d B l a n k
B l a n kD a t au g / 1

ND

7 1 9

C o n c e n .A d d e d

36

XRecov

90

J U L 2 4 . 1984

OC K i i r l * S p i k .
U n s p i k e dS a m p l eu g / I

N D

C o n c e n .A d d e d
36

X

90



C/U TESTING an* CERTIFICATION "" "" ""
J U L 2 5 . 1984

T A B L E 1 : Q U A N T I T A T I V E R E S U L T S a n d Q U A L I T Y A S S U R A N C E D A T A
A c i d C o m p o u n d s - G C / M S A n a l y s i s D a t a ( Q R 0 2 )

C h a i n o f C u s t o d y Data Required for ETC Data Management Summary Report* \
E9442 R E S O U R C E E N G I N E E R I N G R E S 2 8 8 0 1 R D Q W N S T R E A M 840628 1630

£l tp i«*F T C S * n p J e N o . C w n p i f i y F a c i l i t y S a m p l e P o i n t 0*t» t t w s H o u r s

N P D E S C o m p o u n dN u m b e r

1 A 2 - C h l o r o p h e n o l2A 2 . 4 - D i c h l o r o p h e n o l3A 2 . 4 - D i m s t h y l p h e n o l4A 4 : 6 - D i n i t r o - o - c r i * s o l5A 2 . 4 - D i n i t r o p h f t n o l6A 2 - N t t r o p h e n o l7A 4 - N i l r o p h e n o l8A p - C h l o r o - m - c r e s o l9A P e n t a c h l o r o p h e n o lI O A P h e n o lM A 2 , 4 , 6 - T r i c h l o r o p h e n o l
• fMI putif lOttH IttOtoa 6*1 SCI ion (,IMf t.

R e s u l t s
S a m p l eC o n c e r t .

"9/1
NDNDN DNDNDNDN DN DNDNDND

M D lu g / 1 *
252525250250252525252525

Q C R e p l i c a t e

F i r s t

NDNDNDNDNDNDN DNDNDND

S e c o n dU 9 / 1
NON DNDNONDNDNONONDNDND

•t

oo ;

0 0 B l a n k a n d S p i k e d B l a n k
B l a n kD a t a

NDN DNONONDNDN DN DN DN T )ND

' 7 2 0

C o n c e n .A d d e du g / 1
I S O!50150250250150rso150150150I S O

XR e c o v

78952.88H O78716710677101

0 0 M a t r i x S p l k t
U n s p i k e dS a m p l e

NDNONONONONON DNDNONDND

C o n c e n .A d d e d
150150150250250I S O150150150$50150

XRecov
57530.75S 3 07086
86'4576



— — — — — f c / C - TESTING a n a CERTIFICATION
J U L 2 5 . 1904

T A B L E 1 : Q U A N T I T A T I V E R E S U L T S a n d Q U A L I T Y A S S U R A N C E D A T A
B A S E / N E U T R A L C O M P O U N D S - G C / M S A N A L Y S I S D A T A ( Q R 0 3 )

N P D E SN u f n b a r

Chain o f C u s t o d y Data Required for ETC Data Management Summary Reports
E9442 R E S O U R C E E N G I N E E R I N G R E S 2 8 8 0 I R D O W N S T R E A M 840628 1630

E J » p « af T C S a m p l e W o . C o m p a n y F a c i l i t y S a m p . ' e Point Oato I t » e H o u r s

C o m p o u n d

I B A c e n a p h t h e n e2 B A c e n a p h t h y l e n e3B A n t h r a c e n e4B B e n z i d i n e5B Benzo6B B e n z o76 BenzoS B Benzo98 Benzo

a j a n t h r a c e n ea j p y r e n eb ) f l u o r o a n t h e n eg h i ) p e r y l e n ek j f l u o r a n t h e n el O B b i s 2 - C h l o r o e t h o x y ) m e t h a n eM B b a s 2 - C h l o r o e t h y l ) e t h e r1 2 S b i s 2 - C M o r o i s o p r o p y l ) e t h e r\ 3 ' o b i s 2 - E t h y ] h e x y l ) p h t h a l a t eI 4 B 4-Bromophenyl p h e n y l5 5 B B u t y l e t h e rb e n z y l p h t h a l a t e$ 6 8 2 - C h l o r o n a p h t h a l e n eI 78 4 - C h l o r o p h e n y l p h e n y l e t h e r1 8 B C h r y s e n eI 9 B D i b e n z o ( a . h j a n t h r a c e n e208 I , 2 - D i c h l c r o b e n z e n e2 I B t , 3 - D i c h i o r o b e n r e n e22B I , 4 - D i c h l o r o b e n r e n e2 3 3 3 . 3 ' - D i c h l o r o b e n * i d i n e2 4 B D i e t h y l p h t h a l a t e2 5 B D i m e t h y l p h t h a l a t e2 6 6 O i - n - b u t y l p h t h a l a t e2 7 8 2 , 4 - D i n i t r o t o l u e n e2 8 8 2 , 6 - D i n i t r o t o I u e n e2 9 3 D i - n - o c t y l p h t h a l a t e3 0 B I , 2 - D i p h e n y I h y d r a z i n e3 I B P l u o r a n t h e n e

R e s u l t s
S a m p l eC o n c e r t .u g / 1

N DNOWONDNDN DN DN DN DN DN DN DBMDLN DN DN DN DNDN DN DN DN DN DN DNDN DN DNON DNONO

M D Lu g / l -
10J O101010E Ot o10101010101010t o1010t o10} Q1010t ot oT O!0101010f O10

Q C R e p l i t a t e

F i r s tW 9 / - 1
NONDNONONDN DNDNDNDNON DN D135N DN DN DN DN DNDNONONDNDN DN DN DN DN DN DN DN D

S e c o n du g / l
NON DNDNDNON DNDN DN DNDNON D44NON DN DN DNON DNDNON DNDNDNDN DN DN DN DN DN D

*

0 0

Q C B l a n k a n d S p i k e d B l a n k
B l a n kD a t au g / i

NDNDNDNDNON DN DN DN DNDN DNDBMDLNDN DNONDNONDN DNON DNONDNDB M D LN DNDNDNDN D

2 7 2 1

C o n c e n .A d d e d
U 9 / 1
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%Recov
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U n s p i k e dS a m p l e
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C 1 \s TESTING an t f CERTIFICATION
J U L 2 5 . t9B4

T A B L E 1 : Q U A N T I T A T I V E R E S U L T S a n d Q U A L I T Y A S S U R A N C E D A T A
B A S E / N E U T R A L C O M P O U N D S - G C / M S A N A L Y S I S D A T A ( Q R 0 3 )

C h a i n o f C u s t o d y D a t a Required f o r E T C D a t a M a n a g e m e n t S u m m a r y R e p o r t s
E9442 R E S O U R C E E N G I N E E R I N G R E S 2 8 8 G ! R D O W N S T R E A M 840628 1630

E l s p J t t ff T C S a m p l e N o . C o m p a n y f a c i l i t y 3*"p l s P o i r t t D a t a T i m e H o u r s

N P D E S C o m p o u n dN u m b e r
3 2 B F l u o r e n e33B H e x a c h l o r o b e n z e n e348 H e x a c h l o r o b u t a d i e n e3 5 B H e x a c h t o r o c y c i o p o n t a d i e n e3 6 B H e x a c h l o r o e t h a n e3 7 B I n d e n o f 1 , 2 , 3 - c , d } p y r e n e3 B S I s o p h o r o n e398 N a p h t h a l e n e408 N i t r o b e n z e n e4 1 B N - N i t r o s o d i m e t h y l a m i n e4 2 B N - N i t r o s o d x - n - p r o p y l a m i n e4 3 S N - N i t r o s o d i p h e n y l a m i n e44B P h e n a n t h r e n e45B P y r e n e46B 1 , 2 , 4 - T r i c h l o r o b e n z e n e

* [PI t u t t l . M w * n«<r4« 9rtitt,o» i, git.

R e s u l t s
S a m p l eC o n c e n .u g / 1

N DN DNDNDN DN DNDNDNDNON DNDN DN DN D

M D Lu g / 1 .
1010101010t o10101010J O10101010

O C R e p l i c a t e

F i r s tu < J / l
N DN DNONON DN DNDNDNDN DN DNONDN DN D

S e c o n dU S / I
N DN DNDNDNDNDNDNDNONONDNDNDN DND

00

O C B l a n k a n d S p i t t e d B l a n k
B l a n kD a t au g / 1

NON DNON DN DN DNDN DN DN DN DNDN DN DN D

2 7 2 2

C o n c e n .A d d e du g / 1
100100100010001001001000T O Ot o o100!00100

XR e r o v
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July 27, f9«*
rSSTtfJG a n d CERTIFICATION — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —

T A B L E 1 : Q U A L I T A T I V E R E S U L T S
T e n t a t i v e l y I d e n t i f i e d Organic C o m p o u n d s - G C / M S A n a l y s i s D a t a - B a s e / N e u t r a l F r a c t i o n ( Q R 0 8 )

Cfttin of Custody Data Required for £TC Out* Management Summary flffperr*
E9442 R E S O U R C E E N G I N E E R I N G R E S 2 8 S G I R D O W W S T R E A M 840628 1630

E T C S a n p l * N » , C w t w a n y f a c i l i t y S a n i p l * P o i n t D a t e T i m e H i u r a

Compound Warns

None F o u n d

Data
ScanW u m b e r

R e t e n t i o nT i m e( M i n ) M . W

I d e n t i f i e r s
CASN u m b e r

*

^ 0 2 7 2

E m p i r i c a lF o r m u l a

3



ENVIRONMENTALTESTING and CERTIFICATION
Jtsty tr, W84

T A B L E 1 : Q U A L I T A T I V E R E S U L T S
T e n t a t i v e l y S d e n t i f i e d Organic C o m p o u n d s - G C / M S A n a l y s i s Data - A c i d F r a c t i o n (QR07)

Cbetn of Cuttexfy Data Ftocwirect for ETC D*tt Mtnayement Summary Reports
E9442 RESOURCE ENGINEERING R E S 2 8 8 0 J RDOWNSTREAM 840628 1630

E T C S « n p l e (*>, Co»w«ny Facility S a m p l e P o i n t 0»(e T i m e H o u r s

C c m p o u n d N a m e

N o n e F o u n d

D a t a

S c g nN u m b e r

i

R e t e n t i o nT i m e( M i n J MM.

i

I d e n t i f i e r s
CASN u m b e r

0 2 7 2

E m p i r i c a lF o r m u l a
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D E P A R T M E N T O F T H E A R M Y
PORT W O R T H D I S T R I C T . CORPS O F E N G I N E E R Sr. o. «ox 17100

f O R T W O R T H . T E X A S 7 S I O 2
Wvv to of, 2, 1964

H y d r o l o g y & H y d r a u l i c * Branch
Engineering Divi s ion

Mr. C h a r l e s D* Oliver, P.E.Reaource Engineering11 Greenvay P l a z a
S u i t e 1724
H o u s t o n , T e x a s 77046
Pear Mr. Ol iver:

Thank you for your l e t t e r dated Harch 20, 1984 requestingf l o o d v a t e r d a t a on the Brazos River at * s i te in W a l l e r C o u n t y ,T e x a s .
The c i t e l o c a t i o n shown on your a t t a c h e d sap s u b s t a n t i a t e syour d e s c r i p t i o n given ear l i er by t e l e p h o n e to Mr. Dennis Barabasof thi s o f f i c e . T h i s l o cat ion is st about River Mile 207*9.
A recent backwater s t u d y was aade by th i s o f f i c e on the reachof the Brazos River in the area of your concern in p r e p a r a t i o n ofthe Design Memorandum No* 2 of the proposed Mi111can Lake which is

l o c a t e d in the Brazos River Basin on the N a v a s o t a River* A l t h o u g ht h i s is our best avai lab l e d a t a , th i s Design Memorandum has notbeen f i n a l i z e d for pub l i ca t ion; t h e r e f o r e , you should considerth i s i n f o r m a t i o n we are s ending as p r e l i m i n a r y .
The water surface elevation and respect ive d i s charge s of therange of f l o o d f r e q u e n c i e s reques ted are as f o l l o w s :

CMr̂c\joo

F l o o d Frequency
25 year50 year100 yearS t a n d a r d P r o j e c t

F l o o d ( S P F )

Discharge ( C F S )
140,000
171,000224,000
364,000

E l e v a t i o n
in Ecet ( a p p r o a c . )

171.5173c5175-0
179.0

The river eross sect ion use£ ID our s t u d y at th i s locat ion(River M i l e 207.9) has not been p l o t t e d ; t h e r e f o r e , we areenclo s ing a l i s t i n g of the eross section coordinates (s tat ions ande l e v a t i o n s ) along with a eopy of our layout vap showing the crosssec t ion l o ca t i on (Enclo sure s 1 and 2)*



-2*

H o p e f u l l y t h in i n f o r m a t i o n v l l l « t i » f y your r equ ir eaen t s .
S i n c e r e l y ,

Enclosures -A
5* B * g g e t t , P , E .C h i e f , H y d r o l o g y a n d H y d r a u l i c *Branch

oo
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T A B L E S . C O M P U T A T I O N S H E E T F O R C H A R T M E T H O D

1. Required I n p u t
A " &- <2Z Acres : Drainage Area• s-s*, v«_- . *.. _

C o a p j t e dChecked By

Y e a r s : D e s i g n F r e q u e n c y (return p e r i o d )I n c h e s : Re i n f i l l d e p t h f or 24-hour, T > y e a r event% : A v e r a g e watershed s l o p e: R u n o f f Curve Number

TPYCN

2. ^Coapuf c V o l i r e of R u n o f f , Q
Q * .I_J^.-^_^J.-_L

 I r i c n € s : u*c CN and P as input to
3. W a t e r s h e d Shape A d j u s t m e n t ( O p t i o n a l : i f a d j u s t m e n t i s not aade, setEA • A)

HI • 2&1.^ f e e t : H y d r a u l i c L e n g t h
^* * v^'Z&^'ZL'jL^ A c r e s : Equival ent Drainage Area (USC-Eig^-M) &A~ d,HF " ~~6>~^£ .. '• HF " A/EA

4. Obtain U n i t Peak D i s c h a r g e , QU
Qu ' ? b c f s / i n c h Q : Use EA wi th F i g . 11 ( S h e e t 1, 2, and 3 for

f l a t , soderate , a n d u t e e ^ s l o p e s , r e s p e c t i v e l y )
5 . W a t e r s h e d S l o p e I n t e r p o l a t i o n F a c t o r , S F ( O p t i o n a l : i f a d j u s t m e n t i s n o twide , set SF « 1.0)

: Use Y and EA w i t h T a b l e 7

C V Ioo

SF "
6. P o n d i n g end Swa*p S t o r a g e A d j u s t m e n t F a c t o r , PF ( O p t i o n a l : i f * J j u s t * e n tIs n o t _ aade, set PF » 1.0)

PPS » % : * of P o n d s *nd Swaapy Area (Based on ac tual d r * i n f t g eArea A )l o c a t i o n in watershed (check one):
Des ign Point (6-a) __ ; C e n t e r or Spread out ( 6 - b ) __ ; U p p e r Reaches ( 6 - c )

" ' wi th T * b l e 6"B* fe~b» or 6"c-
7. Peak Dis charge QP, C a l c u l a t i o n wi th A d j u J t s e n t s

QP

8. M o d i f i c a t i o n s for U r b a n i z a t i o n
\ ; Percept-age of Imperv i ou s Area (based on actual^ T f t l n a g e area A )
-̂-f I n p e r v i o u s Area A d j u s u a e n t F a c t o r (Fig. 12)% : Perc en tage of H y d r a u l i c L u n g t h M o d i f i e d: H y d r a u l i c Length I t o d i f i e t l f a c t o r ( F i g . I S )

I H P F H L K F



PROJECT

T A B L E 5 . C O M P U T A T I O N S H E E T F O R C H A R T M E T H O D

Computed ByChec.Ved By Date
tat*

1. Required I n p u t
A
TPYCN

Acres : 5>r&inage AreaYears : I k s i g . - F r e q u e n c y (return p e r i o d }I n c h e s : R a i n f a l l d s p t h f o r 24-hour, T-year *y«ntI : Average watershed s l o p e: R u n o f f Curve Nuaber
2. Coapute Voluce of R u n o f f , Q

Q " - J - ' l ^ g - . __ Inche s: Use P as input to
3. W a t e r s h e d Ship< A d j u s t m e n t ( O p t i o n a l : i f a d j u s t m e n t i s not M a d e , s e tEA - A) —'

HIEA
KF

f e e t : H y d r a u l i c L e n g t hA c r e s : E q u i v a l e n t Drainage Area (use F i g . 10)
: HF

4. Obtain Unit Peak Discharge , QU
Qu " --"§&- t f s / i n c h Q : Use EA with F i g . 11 (Sheet 1, 2. and 3 forf l a t , aoderat e , a n d s t e e j^ s i op e s , r e s p e c t i v e l y )

5 . W a t e r s h e d S l o p e I n t e r p o l a t i o n F a c t o r , SF ( O p t i o n a l : i f a d j u s t m e n t i s no tma.de, set SF - 1.0)
: Use Y and EA with Tifale 7

6. Ponding and Swaap Storage A d j u s t a e n t F a c t o r , Pf (Opt iona l: if ad ju s tmentis not aade, set PF • 1.0)
PPS I : I of Ponds and Svaapy Area (Based on actual drainagearea A)Loca t i on in watershed (check one):Design Point (6-aj^ ; Center or Spread out (6-b)__i U p p e r Reaches (6-c)
PF • -;- A '' Use pps "^ T with T * b l e 6 ' » - 6"b» OT **c-

7. Peait. Discharge QP, Cal cu la t i on with A d j u s t a e n t s
QP

7,2 .cfs"

(M
Oo

6. K o d i f i cat ions for Urbani sa t i on
IMP * s Area (based on cctual

QP xcfs"

: Percentage of laj:dr.J
ervious Area A d j u s t a e n t F a c t o r (Pig.: Perc en tage of H y d r a u l i c Length M o d i f i e d: H y d r a u l i c Length U x i i f i d d Factor ( F i g . 13)

IMPF * HLMFx



C O K P U T A T I C N S H E E T F O R C H A R T H E 7 H O D

1. Rwjuired Input
* * 42> ̂  Acres : Drainage AreaT • 'Ti v___. . *.. , "__
P • "

J yChecked *y

&./.. R u n o f f Curv«
2. C o m p u t e Vol»e of R u n o f f . Q

Q * - - ? ' t f g —— i M h w : Use CN «d P as input to Fig. 5
3. £t.nh« Shape A d j u s t . e n t ( O p t i o n a l : if adju««nt is not t ede> « t

f«t : H y d r a u l i c L e n g t hHL£A
KF

, - - - ..,»*M>*.ib t / v i i g t r t
Acres : Equivalent Drainage Area (use Fig. 10)• KF •

4. Obtain U n i t Peak Discharge , QO
«• ' Q : Use EA with F i g . 11 (Shee t 1, 2, and 3 forf l a t , M o d e r a t e , a n d s t e e ^ , s l o p e s , r e s p e c t i v e l y )

5. W a t e r s h e d S l o p e I n t e r p o l a t i o n F a c t o r , SF ( O p t i o n a l : i f a d j u s t m e n t i s notM d e , l e t Sf - 1.0)
SF « ..̂ -557 : Use T and EA w i t h T a b l e 7

6- Pond ing and S w t a p S t o r a g e A d j u s t s t e n t F a c t o r . PF ( O p t i o n a l : i f a d j u s t m e n tis not ude, set PF * 1.0)
PPS • ___._n:______ 4 I 4 of Ponds and Svaapy Area (lased on ac tual drainageax«a A)l o ca t ion in watershed (chock one):

Design Point (6-a)__; Center or Spread out (6-b)__; U p p e r Reaches (6-c)__^
PF • lid "• U*« PPS »nd T with T a b l e 6-a, 6-b, or 6-c.

7. E>«ak Discharge QP, C a l c u l a t i o n with A d j u s t a e n t s
• r

f . M o d i f i c a t i o n s f o r Urbanizat ion
IMP - * : Percentage of Impervious Area (based on actualdrainage urea A)

i J*p«rvicu*~Are* A d j u s t a s n t F a c t o r (Fig. 12): f*r c« i t -S2« o f H y d r a u l i c U n g t h M o d i f i e dJ l i c U n g t h M o d i f i e d F a c t o r ( F i g . 1 3 )QPU - QP J^ IWF x """
3L _______ *
C f 8

H I M

CO
K\r-
CVioo



T A B L E S . O O M P U T A T I C M S H E E T F O R C H A R T M E T H O D

PROJECT Ceaputed ByO»ck*d By
1. Required I n p u t

A 3&. % Acres Drainage AreaTPYCN

Y«arslaches
81

Design Frequency (return p e r i o d ]R a i n f a l l d e p t h for 24-hour, T-yaar avemAverage watershed s l o p eRunof f Curve Nuaber
.2. Compute Voliaw of R u n o f f , Q

1 " .3>4£. I n c h e i : Uie CN end P s* input to Fig. 5
3. Watershed Shape A d j u s t m e n t ( O p t i o n a l : if ad ju s tment it not »ade. letEA - A) ——

**• * ^3 1 3 . f«t : H y d r a u l i c Lengthw " ZZQ. Acres : Equivalent Drainage Area (use Fig. 10)HF • Q.I6__ : HF « A/EA
4. Obtain Unit Peak Discharge, QU

QU " -&&... c f s / i n c h Q : Use EA with Fig. 11 ( S h e e t 1. 2, and 3 forf l a t , swderate, and steep. s l o p e s , r e s p e c t i v e l y )
5. W a t e r s h e d S l o p e I n t e r p o l a t i o n F a c t o r , SF ( O p t i o n a l ; i f adjus taent i s not•ade, set SF • 1.0) "" —

- Uie V «"d EA nith T a b l e 7
6. Ponding and Swaaip S t o r a g e A d j u s t m e n t F a c t o r , PF ( O p t i o n a l : i f a d j u s t m e n tis not aade, set PF * 1.0)

tPS • . ____ * : * of Ponds and Svaopy Area (Based on actual drainagearea A)Location in watershed (check one) :Design Point (6-a)^ __ ; Center or Spread out (6-b) __ ; U p p e r Reaches (6-c)
ff * /'•? : Use pps "^ T "i**1 T»b l e 6~«» *-b. *r 6-c.

7. PeaJc Discharge QP, C a l c u l a t i o n with A d j u s t m e n t s

M o d i f i c a t i o n s f o r Urbanisat ion
IMP « ________ % : Percentage of laj lous Arm (bastd on actual

HWF -
Irvious Area A d j u s t m e n t F a c t o r ( P i g . 1 2 ): Percentage of H y d r a u l i c Ungth M o d i f i e d; : H y d r a u l i c Lsngth H o d i U e d Factor (Fig. 13)

I H P F x H U f f

CMoo



0.20,0.0.0.71.01.52.0

345

9
1011121314151620253040

T a b l e 7 . — S l o p e a d j u s t m e n t fa c tor s by drainage ar
F U T S L O P E S

areas

0.49
.61.69.76.82.901.001.131.21

.931.001.041.071.09

0.47.59.67.74.80
.89

1.00
1.141.24~» • *.

0.44
.56
.65.72.78.881.001.14

1.26• i

0.43.55
.64.71
,77.87

1.001.151.28
•• ' ii in*.

0.42.54.63.70.77
.87

1.001.161.29

0.41
.53.62.69
.76.87

1.001.171.30

0.41
.53.62.69
.76.87

1.00
1.171.31

0.40.52.61.69
.76
.87

1.001.171.31MODERATE SLOPES
.921.001.051.101.13

.911.00
1.07
1.121.18

.901.001.081.141.21

.901.001.081.151.22

.901.001.031.161.23

r*f\• Of1.001.09
1.17
1.23

.59
1.001.09
1.171.24

.92,94

.96.96

.97

.97

.98.99.00.03,06,09121.17

.88.90
.92.94
.95
.97
.98.99

1.001.04
1.08
1.111.161.21

.84

.86.88.91
.93.95
.97
.99

1.00
1.051.12l.U1.201.25

.81

.84

.87

.90.92

.94

.96.981.001.061.14
1.171.241.29

.80.83,86.89.91
.94
.96
.98:.oo

1.07
1.15
1.201.29
1.34

.78

.82

.85.88.90.93
.96.98

1.001.081.161.221.311.37

.78.81.84
.87
.90
.93
.95
.98

1.001.09
1.17
1.231.331.40

.77.81
.84.87
.90.92
.95.981.001.10i.19

1.241.351.43

o

CMoo
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C O M P U T I N G T H E C H A R A C T E R I S T I C S O F R U N O F F
I n order t o d e t e r m i n e t h e required s ize o f a d e t e n t i o n b a s i n , t h e p eak - f l o w
rat e a n d v o l u m e o f r u n o f f e n t e r i n g t h e b a s i n must b e d e t e r m i n e d . T h i s p r o g r a m
i n c l u d e s a p r o c e d u r e t o c o m p u t e t h e r u n o f f v o l u m e u s i n g t h e w i d e l y - a c c e p t e d S C S
G r a p h i c a l m e t h o d . T h e f o l l o w i n g i t e m s o f i n p u t d a t a a r e r e q u i r e d :
T O T A L R A I N F A L L A M O U N T : T h e t o t a l vo lume o f r a i n f a l l i n t h e d r a i n a g e area, a s
g i v e n by p u b l i c a t i o n s such as the W e a t h e r Bureau TP 40 or HMR 35.
S C S C U R V E N U M B E R : A measure o f t h t ? r u n o f f p o t e n t i a l o f t h e s o i l i n t h e d r a i n a g e
area, a d j u s t e d f or f a c t o r s such a s l a n d use.
D R A I N A G E A R E A : T h e area d r a i n i n g t o t h e ba s in .
W A T E R S H E D S L O P E : T h e average s l o p e o f t h e w a t e r s h e d above t h e d e t e n t i o n b a s i n ,
e x p r e s s e d a s a p e r c e n t a g e . For e x a m p l e , 50 f t o f d r o p in 10,000 f e e t i s 0 , 5 X .
H Y D R A U L I C L E N G T H : T h e d i s t a n c e a d r o p o f water must t r a v e l f r o m t h e r e m o t e s t
p o i n t i n t h e w a t e r s h e d ,

OJ

******

«< P l e a s e p r e s s any key to cent



pf
D E T E N T I O N B A S I N S I Z I N G

R U N O F F C H A R A C T E R I S T I C S B Y S C S M E T H O D ST o t a l R a i n - f a l l A m o u n t ( i n c h e s )
S o i l C o n s e r v a t i o n S e r v i c e Curve N u m b e rD r a i n a g e Area ( a c r e s )
W a t e r s h e d S l o p e ( p e r c e n t )
H y a r a u l i c L e n g t h o - f W a t e r s h e d ( - f e e t )

*** R E S U L T S ***

11.9
81
38.02
0. 174
2875

R u n o - f - f A m o u n t
R U N O F F V O L U M E

< i n c h e s )
( A C R E - F E E T )

W a t e r s h e d L s g V a l u e ( h o u r s )
T i m e o f C o n c e n t r a t i o n ( h o u r s )
U n 1 t P e a k D i s c h a r g e ( c f s / s q m i / i n )
P E A K D I S C H A R G E ( C F S )

9 48
05

.72

. 86
147

83

r-
OJoo

Press R e t u r n to r e p e a t t h i s o p e r a t i o n , or Esc to re turn to M a i n Menu

pr<3>
D E T E N T I O N B A S I N S I Z I N G

R U N O F F C H A R A C T E R I S T I C S B Y S C S M E T H O D S
T o t a l R a i n f a l l A m o u n t ( i n c h e s )
S o i 1 C o n s e r v s t i o n S e r v i c e C u r v e N u m b e r
D r a i n a g e A r e a ( a c r e s )
W a t e r s h e d S I o p e ( p e r c e n t )
H y d r au l i c L e n g t h o- f W a t e r s h e d ( - f e e t >

*** R E S U L T S ***

1 1 . 9
81
34.84
0. 27

R u n o - f - f
R U N O F F

A m o u n t
V O L U M E

( i n c h e s )
( A C R E - F E E T )

W a t e r s h e d L a g V a l u e ( h o u r s )
T i m e o t C o n c e n t r a t i o n ( h o u r s )
U n i t Peak D i s c h a r g e ( c - f s / s q m i / i n )
P E A K D I S C H A R G E ( C F S )

9.43
7.54
1.84
3.07

140

Pres s Return to repeat t h i s o p e r a t i o n , or Esc to r e turn to M a i n M e n u



7

W a t e r s h e d S l o p e ( p e r c e n t )
H y d r a u l i c L e n g t h o f W a t e r s h e d ( f e e t )

*** R E S U L T S +**

1 1 . 9
81
42.45
0.215
3250

R u n o f f
R U N O F F A m o u n t

V O L U M E ( i n c h e s )
< A C R E - F E E T ) 9.46

W a t e r s h e d L a g V a l u e ( h o u r s )
T i m e o f C o n c e n t r a t i o n ( h o u r s )
U n i t P e a k D i s c h a r g e ( c f s / s q m i / i n )P E A K D I S C H A R G E ( C F S )

"•turn to r e p e a t t h l. o p e r a t i o n i ^ ^ ^ reu(rn

W a t e r s h e dH y d r a u l i c S I o p e ( p e r c e n t )
L e n g t h o f W a t e r s h e d ( f e e t )

R E S U L T S

11
81
38

1 . 70
2.84

148
93

Cf
C\4oo

M e n u

960. 22
5313

R u n o f f A m o u n t ( i n c h e s )
R U N O F F V O L U M E ( A C R E - F E E T )
W a t e r s h e d L a g V a l u e ( h o u r s )
T i m e o f C o n c e n t r a t i o n ( h o u r s )
U n i t P e a k D i s c h a r g e ( c f s / s q m i / i n )P E A K D I S C H A R G E < C F S )

9300£ lj
48
79

2.50
4. 16

112



J KT72XBER 1970l . v . - f : ^ ; - -f c N i - '
C O M A T O S R A P H Y O F T E X A S

57706.1?

R A I N F A L L ( I N C H E S )
1 0 0 - T E A R : -

R E C U R R E N C E I N T E R V A L

* V ' , ' • . -

'- ]. Source 2 v Ba îci H. H e r s h T i e l d / "Rainfall . 'ib\X.0 Frequency A t l a s of the United S t a t e s for ^ * \,9? l > i r a t i o n s ' f r o m . . 3 p Minutes to 2k H o u r s and .'.1 Return Periods .from 1 to 100 Yeara", - .
• ! T e c h n i c a l _ P a p e r Ko. LQ, 0, 5. W e a t h e r Bureau,•• Washington, P. C., May 1961, 115 PP-

E N V I R O N M E N T A L D A T A * : S E R V I C EI O C E A N I C A N D A T M O S P H E R I C A D M I N I S T R A T I O NT E X A S
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Q U A p R A N G l E C - 11

U t . 3 0 * t o 3 1 " f J . L o n g . 96' to 97* W.

G I O S S L A K E S U R F A C E E V A P O R A T I O N R A T E S 1 H I N C H E S
Y e a r J«r. . F e b . f f c r . A p r . Key J u n e J u l y A u g . S e p t , O c t , Dec

N O T E : v a l u e s i n d i c a t e e f f e c t i v e r i l n f s H ex c e ed s g r o g s l»ke s u r f a c e e v a p o r a t i o n rate

A n n u a l
19401941
1942
19431944
194>
1946
1947
1948
1949
1950
1951
1952
1 9 5 3
1954
1955
1956
1957
1958
1959
I960
1961
1962
1963
1964
1 f)f.C/£ ,

1.0
2.6
2.82.0
1,6
1.9
2.2
1.3
1.9
1.3
2.5
2.7
2.4
4.0
1,9
3.24.4
2.7
2.1
2.1
1.9
1.7
2.6
1.8
2.6
Z."

1.-&

2.1
2.32.32.6l .d
2.02.02.5
1.4
1.9
2.1
2.0
2.9
2.8
3 ,3
2.8
2,7
2.2
1.9
1.7
2.1
1.8
2.6
2.4
2.4
i .6z.4*

3.3
2.6
3.1
2.4
2.3
2.:
2.3
2.32.8
2.8
3,6
4.1
3.6
3.3
3.7
3.2
2.1
4.2
2,4
3.2
2.12.7
3.1
3.33.2j . 3

3-1

3.22.7
2.5
3,7
3,2
3.13.5
2.9
3.7
2.7
3.0
i.23.4
5.0
4.0
3.92.62.62.93.2
3.4
3.3
3.3
4.33.8j .-»

3.5"

4.1
4.0
3,9
4.6
3.4
4.8
3.6
4.7
4.0
4.9
4.6
4.9
4.7
3.7
6.0
5.2
6.6
4.1
4.3
4.0
4.14,7
5.0
5.2
4.6
j . 5

4-. 7

4.$4.5
5.5
5.?5.5
5.55.0
5.3
6.3
5.4
5.4
6.1
6.8
9.7
7.9
8.2
7.7
4.2
5.85.3
5.4
5.1
4.9
6.4
6.7
} .•*

6.2

6,4
5.85.7
7.07.2
6.5
7.26.67.0
6.1
7.0
9.9
7.6
7.1

10.1
7.6

10.6
6.4
6.4
5.6
5,7
5,4
6.6
7.3
7.3
o. i

7.4-
N E T R E S E R V O I R E V A P O R A T I O N

Y e a c
1940
1941
1942
1443
1944
1945
1946
1947
1948
1949
1950
1 9 5 1
1952
1 9 5 3
1954
1955
1956
1957
1950
1959
1960
1961
1962
1963
1964
1965

J a n ,
.0:
.06
.18
.00

-.34
-.06
-.16
-.17
-.02
-.33

.O/.

.17

.08

.19.as

.08

.16

.13
-.05

.15

.03
-.04

.03.08
-.03

.01

F e b .
-.09
-.05

.10

.20
-.12
-.OS
- . O J

.13
- . l i
-.14

-.14
-.03

.01
-.03

.12
-.17
-.03

.01
-.07
-.12
-.08
-.18.14
-.03

.04
-.20

K i r .
.22

-.12.19.03
-.09
-.14
-.23
-.10.:i

.02
. I ?
,03
.13
.12.26
.19
.10

-.02
.08
.20
.11
.12.18
.22.04.15

A p r .
-.04
-.07

.30

.23

.18

.03

.02

.11

.U-.26
-.21.25
-.13

.06

.08

.09

.02
-.58
-.08
-.25

.03

.18

.01
,11,14
.13

H a y
.00
,09
.10

-.12
-.28

.17
-.20
-.01

.14

.33

.00

.19

.00-.13
,18
,22.32
.16
.18
.01
.28
.29
.34
.27.23

-.27

J u n e
-.16
-.12

.17

.32

.33

.14

.07

.25.47

.14
,02
.30
.53
.63
.63
.42
.5-.
.08.33
.25

-.07
.02

-.03
.38
.36.33

J u l y
.32.11
.26
.17
.50
.35
.54
.46
.36.37
.43
.75
.49
,48
,63
.56
.83.46
.29
.31
.29
.17.53,55.53,63

7.38.26.7
7.07.5
6.68.0
6.5
7.3
7.2
8.6
7.4
9.8
6.9
9.3
7.3

10.3
7.16.9
5.3
4.9
5.98.2
8.58.57.7

7,6R A T E S I N
A u g .

.52.55

.38

.53

.23
-.01

.43
-.02

.53
,48
.59
.58
,80
.22
.70
.37
.76
.52
,45
.16
.14
.42
.63
.66
.56
.52

7.1
5 , 2
5.25.4
6.1
5.5
4.6
6.36,7
6,4
6.2
6.8
8.4
6.0
9,1
6.4

1C .4& . a4.4
5.6
5.35,7
5.9
7.3
6.0
7.0

6.7
P E E t

S e p t .
.45
.24
.22
.27
.38
.29
.1.4
.48
.50
.29
.17
.17
,55.33
.67
.42
.81
.29

-.27.30
.39

-.06
.08
.40

-.06
.37

4.93.8
4.6
4,7
5.1
3.8
4.5
5.1
5.-
4.5
5.6
7.3
7,3
6.26.9
7.6
6.0
5.3
3.1
5.6
3.6
4.7
5.6
6.0
6.1
3,**

t.ti

Oct .
.23

-.10
.23
.28
.40
.03
.14
.39
..3

- .20
.43
,49
.61
.13.31
.60
.40

-.18
,04
.10

-.28
.28
.20
.40
.33
.28

3.4
3.2
4.1
3.32.5
3,7
3.13.5
4.1
5.0
4.9
5.8
4.6
4.7
4.7
4.83. a
3.52 , 7
3,9
2.7
3.1
3.8
4.7
4,0
J . J

4.0
N o v .
-.58

, 1 2
.08
.10

-.27
.24

-.20
.04
.17
.41
.39,23

- 12
. ' 2 0
.21
.35
,15

- ,0<!
.09
.19

-.14
.00
.01
.05
.08

-.06

3.53.12.6
2.1
1.6
2.4
2.5
2.03.13.3
3.53.82.53,65.1
2.8
3.8
2.9
2.1
2.5
1.82.4
2.4
2.82.8<!.a

Z.I
Dec.
-.17

.12.02.00-.23

.02

.02
-.11

.17
-.17

.22

.21
-.13
-.13

.31

.07

.10

.09

.03
-.07
..18
-.01-.13

.00

.08
-.20

52.0
40.0
49,0
50,048,0
ia.o
49.0
49.0
55.0
52.0
57.0
65.0
64.0
63.00O

63,0
71. 0^5 4 . 0 C V J
45.0
48.0 O
43.0 ^
47.0
54.0
60.0
58.0
51,0

57.0
A n n u a l

0.78
0.85
1.63
2.01
0.55
0.98a. 54
1.45
2.84
0.94
2.11
3.39
2.82
2.07
4.25
3.20
4. 16
0.97
1.02
1.23
0,52
1.091.99
3.09
2.28
1.69

s? -



4- if 4
Soil survey

T A B L E 1 . — T E M P E R A T U R E A N D P H E C I P I T A T I O N
( R e c o r d e d I n t h e p e r i o d 1951-78 a n S e a l y , T e x a s )

M o n t h

J a n u a r y — • —
F e b r u a r y — —

M a y — — — — —

J u l y — — — — —
A u g u s t — • ——
S e p t e m b e r —
October — — —
N o v e m b e r — -
Dec ember — —

Y e a r l y — —

T e m p e r a t u r e

A v e r a g ed a l l ym a x l o u j D

64.4
67.0
73.9
81.2
86.7
92.6
96.0
96.3
91.1
83-5
73.3
66.3

81.0

A v e r a g ed a l l yminimum
Op ""'
42.7
44.8
50.3
59.5
65.1
70.0
71.7
71,2
67.4
58.4
49.6
44.7

58.0

A v e r a g e

53.6
55.9
62.1
70.1
75.9
81.3
83-9
83-8
79.2
71.0
61.5
5 5 - 5

69.5

t years In10 w i l l have--
Maximumt e m p e r a t u r eh i g h e rt h a n —

82
84
89
91
95

100
104
105
101

95
88
83

106

M i n i m u mt empera tur el o w e rt h a n —

18
23

39
48
59
66
63
53
40
27
22

n

A v e r a g enumber ofgrowingdegre ed a y s 1

201
210
386
612
803
939

1,051
1,048

876
651
345
221

••— ——— ' ——— •"" --"—•-"»"- —————————— —— .
P r e c i p i t a t i o n
- - - • " • " - "

A v e r a g e

Is
2,56
3.23
2.00
3.36
4.75
4.29
2.23
2.84
4.38
1.11
2.93
3-64

(p3)

2 yeara In 101w i l l have—

than—

1.10
1.37

.45
l .*»3
1.82

.60

.70

.91

.96

.07
1.70

29.90

Morethan—
I n

3.60
"3-35

4.99
7 .19
6.77
3.53
4.50
7.08
6.bl
4.60
5.31

A v e r a g enumber ofd a y s w i t h0.10 inchor more
' • ' • " '

6
4
*t
D
5
4
4
5
4
5
6

5»

A v e r a g es n o w f a l l

In
U . J

. J

' ^ r' S
• i/~v*-,<c
.0
.0
.0
.u.,

*A g r o w i n g degre e day la a unit of heat a v a i l a b l e for p l a n t growth. It can be c a l c u l a t e d by a^ctlr^ themaximum and minimum d a i l y t e m p e r a t u r e s , d i v i d i n g the gum by 2, and s u b t r a c t i n g the t e m p e r a t u r e b e l ow whl.cng r o w t h I s minimal f o r t h e p r i n c i p a l c r o p s i n t h e area i 5 0 ° F , ,
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Exi s t ing Dike,s

GESERAL
T h e e x i s t i n g d i k e s which f o r m t h e l a g o o n were b u i l t i n

s t age s . The l agoon was created by p u s h i n g up a smal l d i k e
around a n a t u r a l d e p r e s s i o n which was p r o b a b l y the r emnant s o f
an old s l o u g h . The s o i l s f r o m the d i k e s were taken f r o m the
area i m m e d i a t e l y a d j a c e n t t o , a n d o u t s i d e o f , t h e l a g o o n . T h e
l a g o o n c a p a c i t y was increased p e r i o d i c a l l y by ra i s ing the
d i k e s ; i n t h e l a t t e r s t a g e s o f d i k e c o n s t r u c t i o n var i ou s o t h e r
m a t e r i a l s such as drums and c o n s t r u c t i o n d ebr i s were mixed w i th
t h e s o i l s . T h e e l e v a t i o n o f t h e t o p o f t h e d i k e s var i e s f r o m
a p p r o x i m a t e l y 177 to 185 f e e t above mean sea l eve l .

I n o r d e r t o e v a l u a t e t h e d i k e c o n s t r u c t i o n , soil b o r i n g s ,
cone p e n e t r o m e t e r t e s t s , and in-situ d e n s i t y t e s t s were
p e r f o r m e d . The l o c a t i o n s o f these b o r i n g s and t e s t s ar e shown
on F i g u r e 6-1. The boring l o g s and cone p e n e t r o m e t e r da ta are
e n c l o s e d w i t h t h i s A t t a c h m e n t ,

CM
LH

oo

T E S T I H G
Two S t a n d a r d Proctor compact ion curves were d eve l oped f r o m

b u l k s a m p l e s taken at o p p o s i t e ends of the l a g o o n at l o c a t i o n s
CD-1 and CD-4. The s e curves are shown on F i g u r e s 6-2 and 6-3.
The average maximum dry d e n s i t y of these curves i s 102,6 p o u n d s
per cubic f o o t .



F i v e i n - s i t u d e n s i t y t e s t s were p e r f o r m e d a t l o c a t i o n s
Bhown on F i g u r e 6-1. The r e s u l t s of these t e s t s are shown in
T a b l e 6-1 be low.

TABLE 6-1

L o c a t i o n
GDI
CD2
CD3
CD4
CD6

Dry D e n s i t y. l b / f t . 3 ..„
88.3
99.9
95.6
91.3
90.6

M o i s t u r eC o n t e n t..... ....%
23.7
12.7
10.9
12.3
17.9

P e r c e n t. __ C o m p a c t i o n
66
97
93
89
88

T h e s e r e s u l t s i n d i c a t e that th e d i k e s ar e f a i r l y well
compac t ed w i t h an average c o m p a c t i o n of a p p r o x i m a t e l y 91
per c en t .

T h e r e s u l t s o f A t t e r b e r g l i m i t t e s t s p e r f o r m e d o n t h e
s a m p l e s are p r e s e n t e d in F i g u r e 6-4.

CONE P E N E T R O H K T E R T E S T S
S i x s h a l l o w cone p e n e t r o m e t e r t e s t s were p e r f o r m e d t h r o u g h

the d i k e s and in to the u n d e r l y i n g s o i l s . The cone s o u n d i n g s
e x t e n d e d a p p r o x i m a t e l y 3 3 f e e t beneath t h e s u r f a c e . T h e s e t e s t s

inr-cvjoo
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i n d i c a t e tha t the d i k e s o i l s have a minimum shear s t r e n g t h o f
a p p r o x i m a t e l y 1,000 p o u n d s p e t square f o o t . I n several
s o u n d i n g s a s l u d g e l a y e r v a r y i n g in t h i c k n e s s f r o m s i x inches
to several f e e t was e n c o u n t e r e d . Clay* and s i l t y c lay s t r a t a
were f o u n d i n r n t o c i i a t e l y b enea th th e d i k e s in a l l p e n e t r o r a e t e r
t e s t s .

inr-~
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M O I S T U R E / D E N S I T YR E L A T I O N S H I P

29 90W A T E R C O N T C H T - P C R C E N T O F W E I G H T

O f t C L A S S I F I C A T I O N A N D

R e d d i s h Brown S a n d y C l a y
L o c a t i o n C D - 1

R E S O U R C E E N G I N E E R I N G



M O I S T U R E / D E N S I T YR E L A T I O N S H I P

W A T E R C O N T E N T - P E R C E N T O F W E I G H T

S O I L D E S C R I P T I O N O f f C L A S S I F I C A T I O N A N D S A M P L E L O C A T I O N

R e d d i s h Brown S i l t y C l a yL o c a t i o n CD-4

H G U R E 6 - 3



E X I S T I N G D I K E M A T E R I A LA t t e r b e r g L i m i t s

S A M P L EL o c a t i o n
C D - 1
C D - 2
C D - 3
C D - 4
C D - 5
C D - 6

58
27
37
41

34

• P l a s t i c L i m i t
25
19
15
20
13
17

I n d e x
33
8

22
21
22
17

r-mr-CMoo

F I G U R E 6 - 4



S l o p e s t a b i l i t y s a f e t y f a c t o r s were e v a l u a t e d u s i n g a
c o m p u t e r mode l o r t h e s i m p l i f i e d B i s h o p m e t h o d o f s l o p e
s t a b i l i t y a n a l y s i s . S e v e r a l l evee cross s e c t i o n s ^
e v a l u a t e d u s i n g a v a i l a b l e t o p o g r a p h i c i n f o r m a t i o n . s t r e n g t h o f
m a t e r i a l v a l u e s were a s sumed based on soil p r o p e r t y d a t a f r o m
-oil b o r i n g s . A l l s a f e t y f a c t o r s were s i g n i f i c a n t l y above a
worst case a c c e p t a b l e v a l u e o f 2 .0 wh i ch i r - J i s a t e s th e l evees l o p e s t a b i l i t y i s secure. CO

IA
h-
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O
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C o n s e q u e n c e s o fS l o p e F a i l u r e

N o imminent d a n g e rto human l i f e orm a j o r e n v i r o n m e n t a li m p a c t i f s l o p ef a i l s .

U n c e r t a i n t y o f S t r e n g t h Measur e s en t s

I m m i n e n t d a n g e r t ohuman l i f e o r m a j o re n v i r o n m e n t a l i m p a c ti f s l o p e f a i l s .
2.0or g r e a t e r( 1 . 7or g r e a t e r )

inr-
CM
O
O

1 T h e u n c e r t a i n t y o f t h e s t r e n g t h m e a s u r e m e n t s i s s m a l l e s twhen the s o i l c o n d i t i o n s are u n i f o r m and h i g h q u a l i t ys t r e n g t h t e s t d a t a p r o v i d e a c o n s i s t e n t , c o m p l e t e , a n dl o g i c a l p i c t u r e o f t h e s t r e n g t h c h a r a c t e r i s t i c s .
2 The u n c e r t a i n t y o f th e s t r e n g t h mea sur emen t s i s g r e a t e s t

when the soil c o n d i t i o n s are c o m p l e x and when the a v i a l a b l es t r e n g t h d a t a do not p r o v i d e a c o n s i s t e n t , c o m p l e t e , orl o g i c a l p i c t u r e o f t h e s t r e n g t h c h a r a c t e r i s t i c s ,
3 N u m b e r s w i t h o u t p a r e n t h e s e s a p p l y f o r s t a t i c c o n d i t i o n s a n dthose w i t h i n th e p a r e n t h e s e s a p p l y t o s e i smic c o n d i t i o n s .

A fj> \ .e, -.•»*•*



C H A P T E R 9

T E C H N I C A L D O C U M E N T A T I O N

T h e S i m p l i f i e d B i s h o p M e t h o d o f S l o p e S t a b i l i t y A n a l y s i s i s
a t e c h n i q u e t o d e t e r m i n e t h e r e l a t i v e s t a b i l i t y o f e a r t h
s l o p e s . I t e m p l o y s 1 i m i t e q u i 1 i b r i u m f o r c e r e s o l u t i o n s basedon s o i l s t r e n g t h p a r a m e t e r s and d e n s i t y to arr ive a t a f a c t o ro f s a f e t y f o r a g i v e n c i r c u l a r f a i l u r e s u r f a c e . A f a c t o r o f
s a f e t y i s d e f i n e d a s a r a t i o o f t h e s t r e n g t h a v a i l a b l e t oresi s t movement to the f a r c e s t e n d i n g to crea t e movement of amass o f e a r t h . A r i g o r o u s a p p l i c a t i o n a f t h e o r e t i c a l s o i1
m e c h a n i c s and c l a s s i c a l e n g i n e e r i n g s t a t i c s wa s used by Al anW. B i s h o p to d er iv e the equat ions necessary to s o lve an
a n a l y s t s f o r t h e f a c t o r o f s a f e t y w i t h a c c e p t a b l e accuracy.
T h i s c h a p t e r p r e s e n t s t h e w a y h i s e q u a t i o n s a r e used i n
S B - S L O P E .

O
vOI-,
C\J
O
O

en **-
<£
>-

i*« " * f i ! 2 X 0
X - A X I S

F i g u r e 5.
A n e x a m p l e s l o p e a n d f a i l u r e s u r f a c e i s shown i n F i g u r e 5 .

I n order t o d e t e r m i n e t h e f a c t o r o f s a f e t y , t h e overal1r e s i s t i n g a b i l i t y and overal l d r i v i n g t endency must be
d e t e r m i n e d . Due to the i n t e r a c t i o n between s t r e n g t h s andf o r c e s in the M o h r - C o l o u m b soil s t r e n g t h e q u a t i o n , and thec o m p l e x i t y o f m u l t i — l a y e r e d s o i l s cases, t h e g eome try i sbroken i n t o ver t i ca l s l i c e s to solve. The r e s i s t i n g andd r i v i n g c o n t r i b u t i o n s o f each s l i c e ar e i n d i v i d u a l l y
d e t e r m i n e d and are summed t o g e t th e o v e r a l l f a c t o r o f s a f e t y ,T h r o u g h o u t t h i s c h a p t e r t h e m e t h o d s o f f i n d i n g these s i n g l es l i c e c o n t r i b u t i o n s w i l l b e a i s c u s s e d .



I* a s l i c e i s t a k e n a s a f r e e b o d y , th e f o r c e s a c t i n g on
it are d a - f i n e d as f ol

F S

W - the w e i g h t of th« « l i c »
U - ths pora water f o r c e ? a c t i n g normal to the

base o f th e s l i c o
T - the t a n g e n t f al c omponen t of the f o r c e on

th« b<as» of the s i i c e
N - th» normal component of the f o r c e on thebasa of the a l i c e
X — t h « v e r t i c a l component o - f t h a i n t e v - s l i c ' »f o r e *
E - th« hor i z on ta l component of th»

in tar— s l i c w f o r c e *
L - th« l e n g t h of th* b o t t o m of ths s l i c eB - the w i d t h of tha a l i e n0 - th« «ngl» -from a vert ical through the

c i r c l e c»r»t«r to th» r a d i u s b i s e c t i n g theg l i c e basa
c - thn sai l co4i««ion9 or ahoor i n t e r c e p t<$ - th* sail f r i c t i o n a n g l e
F S - t h e f a c t o r o f s a f e t y

By r e s o l v i n g f o r c e s in th e v e r t i c a l d i r e c t i o n , t o s a lvo farN , then s i u b s t i t u t i n g into t h e aquation f a r T , t h a basicB i s h o p r n s i a t i n g terra i s d e r i v e d !

OJoo

R c*B + t a n ( 9 > * < ( W-U ) + ( X L - X R »

F S
co»< e >* 11

25



T h e bas i c equation becomes t h e s i m p l i f i e d equa t i on b y
ng X L - X R = 0 . The s i n p l i fied equa t i on , a s useo in th i

p r o g r a m , i s :
c*B -*- t a n < ® )*( W-U >

R

W h e r e :

la » cos<9 )» 1 t a n < O > * t a n < 0 )
F S

T h e d r i v i n g term i s :

0 - W * « i n < 0 )

9 . 1 C A L C U L A T I O N S U Q I N Q THE PURE PRESSURE R A T I O
W h e n th« pore pressure ra t io o p t i o n is us&d th0 por«

force , U, i» c«lcui«ted

CM

CM
O
O

If th»r-« is « fr«« watwr mui-^«c« th» t^aight of th» water
abovw thw e l i c v i» i n c l u d e d in th* »lic« w e i g h t at the tin*that U is c a l c u l a t e d .

U n l i k v t h « ft-«« M«t«r M v & g h t , i fl o a d s , t h w i r contr ibu t ion to th*i r v c l u d e d at the citem U i« c a l c u l a t e d .
**-* d i s t r i b u t e dof the n l i c t t is not

9 . 2 C A L C U L A T I O N S U S I N Q f l P H R E A T I C LINE.
Pone water forces are ca l cu la t ed a0 the iveight of watero c c u p y i n g the area of the a l i c a be/ twetm the p h r e a t i c s ur fa c e&nd the bam« of the el ice. The d en s i ty of «&ior used i«62.4 p c f « If * fr«e water surface is pr«s«nt over a s l ice itia con«idar9d to be the phrv«tie surface.

9 . 3 C P H - d f L f l T I O N t i U 3 I N 8 A F f t E E W A T E R S U R F A C E
a fr«« i««ter surface i» present over a s l i c e it addsto the s l i c e we ight W. It tho top of a s l i c e b a f r j a t h thefree water sur face e l opva , a hor i zon ta l eoaponvnf:, F& f i ssubtracted frooi %ha d r i v i n g tern. The t«m is ca l cu la t ed ast



F D F V * L 3 * F M
RC

F M Y3 •*• Yl Y 2 # < 2 # Y 2 + 3 * Y 1 )
3 * < Y 2 + 2 » Y 1 )

W h e r e terms are d e f i n e d as :
FV -
FH -
LS -
RC -

the w e i g h t o f the water above the s l i c e
t h e v e r t i c a l d i s t a n c e between t h e c i r c l e centerand the r e s u l t a n t - f o r c e
t h e a b s o l u t e v a l u e o f t h e s l o p s o f t h es i i c e t o p l i n e
the r a d i u s o f th e c i r c l e

r-
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Y l f Y 2 , a n d Y 3 - d i m e n s i o n s a s shown

W h e n u s i n g a p h r e a t i c s u r f a c e s , t h e f r e e water l i n e i s
c o n s i d e r e d to be a p h r e a t i c l i n e . The w e i g h t o f the water i s
no t i n c l u d e d in th e c a l c u l a t i o n o f t h e pore pr e s sur e u s i n g th e
pore pre s sure r a t i o U , o r t h e h o r i z o n t a l e a r t h q u a k e f o r c e . T o
have i t s w e i g h t i n c l u d e d , s p e c i f y t h e f r e e water 1 ine a s 2
s a i l s l i n e s w i t h o u t s t r e n g t h - A s s i g n a d e n s i t y o f 62.4 t o t h e
l i n e over the f a i l u r e s u r f a c e and a s s i g n a d e n s i t y o f 0 t o th el i n e beyond t h e f a i l u r e s u r f a c e . W h e n u s i n g t h i s method t o
i n p u t a f r e e water l i n e , t h e c o n t r i b u t i o n t o t h e d r i v i n g t ermis not i n c l u d e d .

9 . 4 C A L C U L A T I O N S U S I N G E A R T H Q U A K E C O E F F I C I E N T S
E a r t h q u a k e c o e f f i c i e n t s a r e c on s id e r ed t o a f f e c t t h e s l i c ew e i g h t , t h e d r i v i n g term a n d pore water f o r c e s - T h e

c o n v e n t i o n f a l l o w e d i s t ha t a + h o r i z o n t a l c o e f f i c i e n t i s ana c c e l e r a t i o n away f r o m the s l o p e . A -*• v e r t i c a l c o e f f i c i e n ti s an a c c e l e r a t i on up«

27 ( 1 1 - 1 6 - 8 5 )



The e f f e c t on s l i c e w e i g h t i s t h a t a +
c o e f f i c i e n t reduces t h . s l i c e w e i g h t . I t

W A » W * ( 1 ~ V E C >
W h e r e the terms are d e f i n e d as:

by

WA •
W -
VEC

t h e a c c e l e r a t e d w e i g h t
the w e i g h t of the soi l in the si icet h e v e r t i c a l ear thquake c o e f f i c i e n t

A h o r i z o n t a l «erthquake c o e f f i c i e n t a d d s
d r i v i n g t erm w h i c h i s c a l c u l a t e d a « f o l l o w e i component to the

E M * W * H E C
RC

C\joo

W h e r e the t erms are d e f i n e d a s:

ED -
W -

H E C
RC -

th e v e r t i c a l d i s t a n c e between the center o fth e s l i c e (not th e center o f g r a v i t ye x a c t l y ) a n d t h e c i r c l e center
t h e c o n t r i b u t i o n t o t h e d r i v i n g t erm
t h e w e i g h t o f t h e s l i c e no t i n c l u d i n g t h e£OMpQn«mi« added by d i v t r i b u t c r d l o a d s andt h a f r t t t f water s u r f a c e
t h e h o r i z o n t a l e a r t h q u a k e c o e f f i c i e n td e f i n e d as •*• away f r o m the s l o p et h e c i r c l e r a d i u s



9 . 5 C A L C U L A T I O N S U S I N G A T E N S I O N C R A C K
When a tension crack is pr e s en t , the d e p t h s p e c i f i e d i sused to c a l c u l a t e a crack b o t t o m e l e v a t i o n . The e l e v a t i o n iaf o u n d by s u b t r a c t i n g th e d e p t h - f r o m th* e l e v a t i o n o f t h eh i g h e s t p o i n t on the - f a i l u r e s u r f a c e . S l i c e * w i t h a basee l e v a t i o n above t h e t en s i on c r « c ' < b o t t om e l e v a t i o n a r ea s s igned a r e s i s t i n g term value of B f and a pore Materpre s sure o f 0 . To s i m u l a t e a water f i l l e d crack do not s p e c i f ya tens ion crack o p t i o n . Rather, d e f i n e a soil af .ratum abovethe e l e v a t i o n d e s i r ed for the t ens ion crack as b e i n g under ap h r e a t i c l i n e and w i t h no s t r eng th .

9 . 6 C A L C U L A T I O N S U S I N G D I S T R I B U T E D LOADS
Tha c o n t r i b u t i o n of a u n i f o r m d i s t r i b u t e d load over a s l i c ei a a d d e d t o t h e w e i g h t o f t h e s l i c e . T h e u n i f o r m l o a d w e i g h t

is increased or reduced by v e r t i c a l s e i s m i c a c c e l e r a t i o n s , butis not a par t of the s l i c e w e i g h t used in the h o r i z o n t a l
a c c e l e r a t i o n d r i v i n g f o r c e c o n t r i b u t i o n . l t i a n o t i n c o r p o r a t e di n t o th e w e i g h t b e f o r e th e pore pre s sure i s f o u n d u s i n g th e
pore pr e s^Lire ra t i o . H o w e v e r , a d i s t r i b u t e d l o a d may be
s i m u l a t e d by u s i n g geometry l i n e s and an a p p r o p r i a t e d e n s i t y ,in w h i c h case i t s w e i g h t w o u l d b e i n c l u d e d in a l lc a l c u l a t i o n s .

9 . 7 S O L U T I O N F O R T H E F A C T O R O F S A F E T Y
E x a m i n a t i o n o f t h e f a c t o r o f s a f e t y e q u a t i o n r e v e a l s tha tthe FS term a p p e a r s in the f u n c t i o n - T h i s makes an i t e r a t i v es o l u t i on, u s i ng successi ve a p p r o x i m a t i o n s f or the f a c t o r o f

s a - f e t y necessary. U s i n g an i n i t i a l e s t i m a t e far t h e FS o f 1 .5t h e s l i c e p a r a m e t e r s a r e s u m m e d , a n d a F S i a c a l c u l a t e d . T h e
c a l c u l a t e d v a l u e i s s u b s t i t u t e d f a r t h e i n i t i a l gue s s , a n d t h eF S i s r e c a l c u l a t e d . W h e n t h e d i f f e r e n c e between t h e e s t i m a t e d
and the c a l c u l a t e d f a c t o r s of s a f e t y are l e a s than -*-/- .005the s o l u t i o n is cons idered c o m p l e t e . 10 i t e r a t i o n s are a l l o w e d
b e f o r e an error message is p r i n t e d and the s o l u t i o n ia e n d e d .

I f t h e v a l u e f o r M a , ( p a g e 2 6 ) , i s l e s s than 0 . 2 o r i f
the v a l u e of the normal f o r c e becomes l e s s t h a n or equalt o 0 t h e i r v a l u e s w i l l b e p r i n t e d d u r i n g t h e d i a g n o s t i cs l i c e d a t a p r i n t o u t . P r i n t i n g t h e d i a g n o s t i c s i a t h a o n l yway to check for these c o n d i t i o n s . Far more i n f o r m a t i o n
on the Ma and n e g a t i v e normal f o r e s errors inherent int h e S i m p l i f i e d B i s h o p method p l e a s a r e f e r t o s l o p es t a b i 1 i ty 1 i t e r a t u r e .
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9 . 8 E X A M P L E C A L C U L A T I O N U S I N S A D R Y S L O P E W I T H N O O P T I O N S
C o n s i d e r t h e f o l l o w i n g case:

S B - S L O P E
P R O J E C T D A T AP r o j e c t : H e i t h p r U k e D a »L o c a t i o n : 6 e t a w a y . C o l o r a d oF i l e r u t e : D012 d e s c r i p t i o n : f i n a l checkout
A N A L Y S I S D A T AL i n e L e f tNo. X 18.050.078.0178.018.878,810. f l128.0

L e l tY 68.

40.
50.8

R i g h tI 58.
78:170.256.58.120.120.178.

R i g h tY

30.030.060.030.030.0

D e n s i t yPCF130.8115.8130.0U0.0115.0115.0126 .3128.a

C o h e s i o nP S F250758250597507505050

P h i
0?g3015
1515

vO

£ -x

CMOo

ti iw 12* iim it*
X - A X I S

\-- 11S L I C E
IA
*•345b789131112

i - l t F T 0 1 ' T A N T A N
52.37 g . 883.4*95.61 6 7 . 9128.0120.0( 4 0 . 8150 .1)16C.0170,0185.3

T H E T A P H I17.8 1.820 0.26813.4 *.989 0.26012.: 0 . 6 7 7 0 , 3 6 412.2 8 .4780.364i * i j . ' a t a T i *!<.. L 0. 05J B. JOl10. i 0.169 0,36410. 0 8.356 £.36410.0 -8.855 8.364U . 0 - f l . 1 6 9 8.36412-0 -0.289 8,36413.3 -a.«5 8.364U.a -8.666 2.364

C O H E S I O N
758.9758.850.856.858.850.858,850,959.25O50.058.1

V E R T I C A LF O R C E37321623456425867102665865156546416399163206522811189397100

R E S I S T I N GT E R H3701232264258812496424270188111728115246128429816921946U

D f l l V J N BT E f i H327064383936038285441938685942579•2218-5344-6337-77 U-3939

C 0 1 2 - F i n a l cneucutS I N G L E C E N T E R A N f l L f S l Sf t p p r o x u u t e l y 15 s h e e n sc
C i r c l s c e n t e r a t * = J 4 8 . 3 ,FS= 1.584 at R* 98.0 ^ 100.3
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42.2

f°r 3li" 5

30.0

16.0

12.3

f o u n d a s

Wl » 267.8*130
W2 * 74.4*115
W3 - 193,4*120WT "
c - 50
B - 12.2
tan( ( ) ) m .364

34B13
0538

23204
66575

12 7* ** ai /

) 16 - 12.3
12.7

- .957
tan ( 0) - .304
FS » 1.5B9

291

c\joo

R 50*12.2
r

.957*

• -364*66575
.344*.304

1.589
24269

D ~ 66575 * .291 » 19373

I n d i c a t e s l i n e numb«r

31
m



9 . 9 E X A M P L E C A L C U L A T I O N U S I N G A D R Y S L O P E W I T H A L L O P T I O N S
C o n s i d e r t h e f o l l o w i n g e x a m p l e :

S B - S L O P E
T R O J E C I D A T dP r o j e c t ; H e a t h e r L a k e D d iL o c a t i o n ; g e t a w a y , C o l o r a d oF i l e n a i e ; D D 1 2 A D e s c r i p t i o n : F i n a l c h e c k o u t w / a l l o p t i o n s ( d r y )
A N A L Y S I S f i f i T AL i n e L e f tHa, II

L e f tY I
58.3?0.0170.810.870.010.01:0.0

80.080.030.040.083.030.030.8

59.078.0170.0258.058.0120.01:0.0170.0

R i g h tV 88.968.0

33.050.6

s i t v
1 1 5 . 0130.3J 2 0 . 0115.01 1 5 . , }120.0U f l . 0

C o h e s i o nP S F250750
7507505050

P h i

15;029151529

e a r t h q u a k e c o e f f i c i e n t * 8 . 2V e r t i c a l e a r t h q u a k e c o e f f i c i e n t s f l . l

f l e c t h o f t e n s i o n c r a c k =

D i s t r i b u t e d l o a d sN o . Lfii I f r i g h t1 50.0 -'i.2 170.0 i ? a .
' . I t S . - t !

oa
VQ

CM
Oo

iff
«—9x<EI

S L I C E 1 3

1 5 — s — ~ s — a r iw tea r3« H a ^ J T
X - A X I S

1= 148.8

11121314

8 Y: 108.8- L E F T D l fl= 9OT A N T £ HT M E T A P H I52.55.78.83.95.197.121.158.14B.158.168.179.188.191.

31
04683988089
0

2.14.n.12.12.12,19.12.18.18.10.18.I B .6,

914222888g98B6

3.1.1.0.8.8.9,0.-8.-0.-8."8-8.'-8.

4527898806£14725i4169856es&1692964235797i6

0.3.8.8,S .8,0.9.e.e,0.9.9.0,

008,266268,364364,364364,364364,364364,364364,344

C O H E S I O N

75875858S B

59305858505856

V E R T I C A LF O R C EW 1 3625305611 157932

R E S 1 S T 1 K BT E R M 83777327590

464394177435924288592B53918257128461714

216982B952165471539413890119499357929077241658

D R I V I N GT E R M653257376456783976234438266781554596594539566-1814H 5 1 9-4914-715

D D 1 2 f t - F i n a l c h e c k o u t M / a l J o p t i o n s ( d r y )S I N G L E C E N T E R A N A L Y S I SA p p r o x i a a t e l y 1 5 s l i c e s s e l e c t e d
C i r c l e c e n t e r a t * - 1 4 9 . S , V = 1 0 B . 8FS= B.934 at R* 9B.0

( 2 - 3 - S & )



T h s r e s i s t i n g « n ' , ' d r i v i n g twine* f o r s l i c s 1 3 a r e c a l c u l a t e da s f a l l o w s :
U » 7 7 * 1 2 f f i » 9240LF - saa*10 « 3000
WT - 1424B30.0 VEC - +.t
WA - 142485* (1 - .1) - 12B16
HEC - +.2

25.2 EM « 100-(38+30+19. 4+25. 2 ) / 4- 73.9

ED *

H « [

s i n ( 0 )

73.9*9240*. 2
90 1317

, ' / ?

R

t a n ( f l ) > * .364
50*10 + .364*12816

,364*-.580
934

D » 12816* --502 + 1517 « -4916

17.4 - 25.2
11.6

cos( @) - .865
t a n < 0) - -.580

F « .934

.865 * 1 +
7715

1 1 , 6
.502

MDr-CMoo
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9.10 E X A M P L E C A L C U L A T I O N U S I N S PORE P R E S S U R E R A T I O W I T H O P T I O N S
C o n s i d e r t h e f o l l o w i n g e x a m p l e :

S B - S L O P E
M E M D A T AP r o j e c t : H e a t h e r L a k e D a f tl o c a t i o n : f i e t m a y , C o l o r a d oF i l c t i M t : 8 D 1 2 R A O t u r i p t i o r t i F i n a l ch e ckou t w / R u f c
A K A L Y S 1 S D A T AL i n eH o .123436789

L e f tI 11. G59.970.0170.819.878.810.9120.9130.6

L e f tV 6E.069.989.039.940.989.939.938.0

R i q h tI 30.079.0170.8250.058.9129J129.01 7 0 J

39.

D e n s i t yP C F[38.9115.9139.8129.9115.9115.8129,9120.1

o p t i o n s
C o h e s i o nP S F258

130.6 S9.8 259.9 58.9 F r e e Mater l i n e
M o m e n t a ! e a r t h q u a k e c o e f f i c i e n t = 9 . 2V e r t i c a l e a r t h q u a k e c o e f f i c i e n t > 8 . 1
Depth o f t e n s i o n crack = 10

D i s t r i b u t e d l o a d sH o . L e f t I R i q h t I1 50.2 70.32 1 / 8 . 9 198.03 151.1 171.0

Ru

L o a d U b s / f t )2888.6538.8580.0

S L I C E 1 1

33875 i im
X - A X I S

i-- 140.0 y=S L I C E M E F T ' 100Di .8 fi= 91T f l N J JT f l N C O H E S I O N1 H E T A P H I12345678919t l121314

5255708395187128130140159166178190H I S

.3.1.8.4.6.8.0.0.8.e.0.0.8

.0

2J 41312121211!8|g
191013186

.9.9.4.2.2.2.0.8.0.0

.0.8.9.6

3.1.1.0.B.0.0.9.-8.-0.-0--0.-0.-0.

45278?60S681472304169856056169299423579736

6.9.B.9.e.i.0.8.8.0.e.9.0.0.

038268268364364364364364364364364364364364

9750758585050S i50585958505050

V E R T I C A LF O R C E6713625305 6 1 1 1378326839239928464994317848136483793485829489249739093

P O R E H A T E RF O R C E 81988631173321293353133293257832J9B8222981993316966U883109775851

R E S I S T I N GT E R M
26775148479761V I 2 4922274277272722688868736875699183763

D R I V I N GT E R M4532573764567839962344B8268751354392752794-4873-99B3-8895-10542-5087

3 P 1 2 P A - F i n a l c h e c k o u t * / R u i a l l o p t i o n sS I N G L E C E N T E R A N f i L V S l SA p p r o x i f l a t a i y 1 5 s l i c e s s e l e c t e d
C i r c l e center at I- M 0 . 9 , y= 189.0FS» 0.659 at R= 90.e

(2-3-86)



The r e s i s t i n g and d r i v i n g terms f or s l i c e 11 ar ec a l c u l a t e d a s f o l l o w s *
Wl *• 25*130 - 3250
W2 » 163*120 - 19560
WT « « 22818
FV » 175*62.4 « 10920LV « 10*500 - 500R

50.0

30.0

® f r > d l c £ t « 9

EM - 1 0 0 " ( 3 5 + 3 8 - H 2 , , 3 - M 5 0 2 ) / 4- 76.9

W - (22810 + 10920
* 38730

VEC - -K 1
WA * 39730* (1 - 0 . 1 )

- 34B57
RuU •
H •

33730*. 5 - 16865

0 )
- 12.3) 1 -*- 10 1 / 1
12.3 - 15.2

10.4 « -.279

COB( 0) » .960
tan<0 ) » -.290

r-r-
CMoo

FM » 50 + 15
- 67.6

-5
10

10920*.5*67.6
90

5*<2*5 + 3 * 1 5 )
3*<5-t-30)

L S

F D
41a2

HEC - +.2 C - J
76,9*22810*.2

t a n < ( p > * .364

3898

F « .659

R 50*10 * -364*(34857 - 1 6 8 6 5 )

960*

D » (34857* -.279)

364* -.290 '
.659

- 4102 » -9929

8743
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9 . 1 1 E X A M P L E C A L C U L A T I O N U S I N G A P H R E A T I C S U R F A C E A N D O P T I O N S
C o n s i d e r t h e f o l l o w i n g e x a m p l e :

S B - S L O P E
P R O J E C T D A T AP r o j e c t : H e a t h e r L a k e D a iL o c a t i o n ; E e t a t u y , C o l o r a d oF i l e n a m e ; D 0 1 2 P A D e s c r i p t i o n ;
A N A L Y S I S D A T AL i n eN o .123456789181112131415

L t f f t! 16.858.879.81 7 S . 018.878.818.8128.038.841.845.0

139.3130.9

L e f ty 63.889.361.831.048. i88.631.*
71.78.65.

8

51.850. j58. E)

R i g h t
58.878.6131.8258.958.1128.8128.817M48.845.8e0.eI B S , «136.8178.8259.8

F i n a l chtc^mt i t / P L i n d i l l
R i g h tY '08. 1

58,

76.865.868.858. i58.838.858.8

D e n s i t yP C F138.8115.81 3 S . II 2 8 . S115. B115.8121. 0128.0138.8115.8115.8115.8130.0136.1

C o h e s i o nP S F268758258587387585058258758758758258258

P h iDec3815312815152328301515153839
H o r i z o n t a l e a r t h q u a k e c o e f f i c i e n t » 8 , 2V i r t u a l e a r t h q u a k e c o e f f i c i e n t * 9 . 1
Depth of t e n s i o n crack « 18

F r e t » i t cr f i n e
D i s t r i b u t e d l o a d sN o . L e f t ! R i g h t tt 50.8 79.82 178.0 199.0

P h r e a i kL i n eNItN«NNNNYYYYYN

L a i d f i b s / f t )

CM
h-r-CMoo

i

X - A X I S
* = 140. 0 K*S L I C E I - L E F T

1 52.3234567891811121314!5I D

5 5 ,57.78.80.83.101.118.128.130.148.158.160.1 7 8 ,193.:190.

.19,804900
08000B0

180OX
2,2,12.10.3.16.18.18.10.10.13.10.10.18,10.16.

.t
,9.71
,04,6B000800806

1 Rs 90.0T A N T A NT H E T A P H I3.452 0.0802t10i0,t}0.0,-9.-8.-0.-0,-0.-0.

,498 8.628.051,859.641.423.298, 1 6 9.056056, 1 6 929B423579736

6,f l0,0,0.8,8.8.0.e.8.0.0.0.

.268.268.260.268,364364.364364364364364364364364364

C O H E S I O N V E R T I C A LF O R C E8 6 7 1 3753 8735750 552BB758 410397 5 0 I 5 4 2 B59 79057

505050535058

49185

P O R E W A T E RF O R C E f l06802140655927384522042822652

R E S I S T I N GT E R f t 0571724368

4 3 I 7 H48134358793835B2940924878

2478624786240842265228429173029189

492816828974098267965697963085392413754675165636

D R I V I N GT E R M653283604 9 B / 13 4 0 0 ' ?1179353B32267712147215545927S2794-3322-8651

f l D i 2 P f t • F i n a l c h e c k o u t « / ? L a n d a l l o p t i o n sS I K 6 L E C E d T E R A N A L Y S I SA p p r o x i t a t e l y 1 5 s l i c e s s e l e c t e d
C i r c l e c en t er at !« 140.0, Y* 186.0F5* 0 ,626 at f l* 90.0

(2-3-06)



The r»«i
c a l c u l a t a d

73.3

6 3 . f i

S8.3

30.0

f a l and d r i v i n g terms for » l i c« 6i« _. ara

Ml - 179.8*130 - 23370
W2 - 68.8*115 - 7907
W3 » 400.1*ns - 46013
W4 » 88.0*120 « 10560WT " «- 87852
U - 488.1*62.4 « 30459
VEC
Wft - 87852*<1- .1) » 79067

EM * 100

HEC - - I - . 2

24.7 4- 69.1
2 53.1

53. 1*87852*. 2
CvJo

9B

H

s in<

cos< )

~ + 1 6 . 6 '
- 19.4
19.7

2

10367

19.7

538

t a n ( 0 > « .639

tan < 364

.626

R 50*16.6 * .364*<79067 - 30459)

.843 * -364*.639
.626

79067*.538 + 10367 ~ 52905

(2-3-86)



S i * l i + i » d S t a b i l i t y *n*l t f s l»

P R O J E C T : S H E R I D A N
L O C A T I O N : W A L L E R
A N A L Y S I S D O N E O N F I L E R E I JF A I L U R E C I R C L E S A N D F A C T O R S O F S A F E T YNo. 1 X- 116.0 Y« 51.7 R- S0.7 FS~ 3.83No. 2 X« 174.5 Y« 56.8 R* 54,1 FS= 6.?6

Engineer ins - Hcni s t on , TX



M i n i m u m
F o u n d a t
X = 116 .0 Y =
S L I C E X - L E F T

F S f o u n d d u r i n g i n t e r a c t i v e a n a l y s i s: X- M 6 . U , Y= 5 1 . 7 , R= 5 O. 7
> Y= 51 . *7 0= «=:,-, -»

5.83

1
*•>
T%_•
4
5
6
7
8
9

10
11
12
13
14
15

93.5
95.8
96.0

1O2. O
106.O
110. O
H 4 . 0
116 .01 20 . O
125.0
130.O
136.2
136.9
142.5
148.0

2.4
0.2
6.0
4.0
4.0
4.0
2.0
4.0
5.O
5.0
6.2
0.7
5.5
5.5
1.8

5 1 ,DX .7 K ' = 5 0 . 7
T A N T A N
T H E T A2.4

0. ,2
6.0
4.0
4.
4.•>
4.
c-•J .
5.
6.
0.
5.
5.
1.

0
0
0oo
0
2
7
5
5
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